Instructor's Solutions Manual 


to accompany 


Design of Concrete Structures, 14e 
Nilson/Darwin/Dolan 


The authors welcome feedback on the problem solutions and on the text in 
general. Please e-mail any comments to David Darwin at: daved@ku.edu 


PROPRIETARY AND CONFIDENTIAL 
This Manual is the proprietary property of The McGraw-Hill Companies, Inc. ("McGraw-Hill") 
and protected by copyright and other state and federal laws. By opening and using this Manual 
the user agrees to the following restrictions, and if the recipient does not agree to these 
restrictions, the Manual should be promptly returned unopened to McGraw-Hill: This Manual is 
being provided only to authorized professors and instructors for use in preparing for the 
classes using the affiliated textbook. No other use or distribution of this Manual is permitted. 
This Manual may not be sold and may not be distributed to or used by any student or other 
third party. No part of this Manual may be reproduced, displayed or distributed in any form or 
by any means, electronic or otherwise, without the prior written permission of the McGraw-Hill. 


۶ Ay 7 "مد‎ A. = (6 «7O0 = 22۵ 2 
A - 320 - < = 7 
ካ 5 40,000 pst & = 4,000 psc 


ic" 


E, = 29,000,000 sc Es * 5,600,000 
29 000,000 _ 


2o" 
3,600,000 
a) X * ۱2۵۵ نموم‎ , ትኛ = 40,000 )عم‎ 


760,000 psc 
مسا ره‎ ۱ 
۳۶ 1200(314¢ ۵ - 
= 434,000 lbs 
E: [Zoo ረይ» ey = 516۵ lbs 
E: 15.5% of P 


b s Jooo, = 0.001 
) ፍፃ 31,060,000 o140 


for s low loading E: 3000 psc fc z 2250 pel 
۳۰ 3000 (314) + 1۵,۵۰۵) ç) = 


P =3300(314) + Ge,oeo (6 ) 
e 1,182,000 lbs = 1396,000 lbs 
Pg = 4۵,٥٥٥) (٥٨ 240,000 ib .ጄ 7 So,eco(6) > 360,000 IL 
z 2.272 P 


3 25.6% P 
c E. * 3400 psc 
ta 


E» = 40,000 2 6.00207 
T 24,000 


= 2900(314) + 40,000 Ge) f, =3400(314) + «o, ovo) 
z 1,308,000 Ib = (428,000 |b 
P = 240,000 Ib (18.3% P) 


eee Ib (25.27 5)‏ ,260 = م 
Comments:‏ 


A There ¿s rie difference 11 performance af X = 1200 psc 
2. Qs the Strain morcas 


es, 6 steel wr” 
دارو سار دوت‎ more 6 


Jy "64200 psi 
the total loadard fhe colima hes 
< Apher total load. | 
g, Far he same cost fy *60,000/451 prrovides a 22 ورم‎ ere CC 
(n Capacity. 


fy ٥ esc 


Same as ዓና 46, ٥ہ‎ 


ادم 22٥‏ دل 7 ٭ Ey‏ 


P- 3300 (3015) + 60,000 (12.48) 
= 1,166,000 15 


R = ,هی‎ 596 (12.48) = 150,000 
(4255 of P) 


P, = 3400(301.5) ተ 60,000 (12.48) 
= 1,147,000 Ib 


= 


= = 750,000 ib 
( 41.7% ot) 


2 
As? 8156) = 12.48 5خ‎ . 
وھ‎ z 320n?* A, + 2615 


n= ۵ E, 7 21,000,000 »کم‎ 
E, 7 3,600,000 psc 


ት = 40,000 pst 


a) 


Y: 1200(301.5 + (12.48) = 


= 489,000 ib 
Er [266(6ሂ(2.46) = 120,000 bb 
(44.5% P 


b) Ey * 6.00140 , + = 2٥٥ )دم‎ 


f= 3000 (207.5) + 40,000 (12-48) 
= 1,924 ooo ሠ 
R 2 40, 000(12.48) = $604,000 tb 
( 25.1 % of T) 
c) ዬ። دم ه2۹۹‎ both cases 


P,= 3400(301:5) + 45,55=((2-48) 
= 154], ooo ib 


P = 500,000 lb 
> (32.27 ተጄ) 


Comments 


4 There سر حم ق/‎ effec af 


Z * (Zoo psc 
€ . 7,000,090 
7, There غه‎ a déi sfrea 44 increase at | 
ulta e ASIA Sy =6 , 000 ër, ce ti 
Oxcars af فى‎ Toa] go COST mca e ፡ መሥ” 43 
4 © 


P 


evo. 





O iooo 2090 3000 4000 


A (es) 


3. Z= سح‎ sf py f odaces 


a sioner colin "comparo 7e pr ۰ 


Ad -= 


2 


| -2 


کن د 


15.0% 
16.7% 
19.8% 
23.7% 
26.9% 
27.4% 
27.496 


0.003 


PA Protal 
83.3% 


76.3% 
73.1% 
72.6% 
72.6% 


P, (kips) ነ: (Kips) 
0 0 85.0% 

1518 910.2 
303.6 1536 802% 

455.4 48 

576.84 4 

607.2 22188 

607.2 2218.8 


steel رځ وړوي‎ Luter 


Concrete ووو‎ 


0.002 0.0025 


fs (psi) 

0 
15000 
30000 
45000 
57000 
60000 
60000 


0.0015 


Strain 


A, = 10.12 in 
A¿= 474 in“ 
fy = 60000 psi 
f. = 4000 psi 
€= €, f. (ps) P,(kips) 
0 0 0 
0.0005 1600 758.4 
0.001 2600 1232.4 
0.0015 3100 1469.4 
0.002 3300 1564.2 
0.0025 3400 1611.6 
0.003 3400 1611.6 


0.001 





0.0005 


Problem 1-4 1/2 


1.4 A 20 x 24 in. column is made of the same concrete as Examples 1.1 and 
1.2 but reinforced with six No. 11 (No. 36) bars with رز‎ = 60 ksi. For this 
column section, determine (a) the axial load the section will carry at a 
concrete stress of 1400 psi, (b) the load on the section when the steel begins to 
yield, (c) the maximum load if the section is loaded slowly and (d) the 
maximum load if the section is loaded rapidly. The area of one No. 11 (No. 
36) bar is 1.56 in?. Determine the percent of the load carried by the steel and 
the concrete for each combination. 


[F] Reinforcement Areas 
Given Properties 
፻.:= 4000psi fy:= 60000psi f.:= 1400psi n:= 8 E,:- 29000000psi 
Column Properties 


b:- 20in :- 24in Ag i= 6 Agy 1 = 6 in? The total area of steel A,, is six no. 11 bars 
Part (a) Compute the axial capacity of the section loaded below the elastic limit. 


Solution: The axial capacity is based on the gross area of the column plus the effective area of the 
steel. Since we count the holes where the steel is removed, the additional effective area of the steel is 


-DAt 
=-ኩኤ ۸ 
Agi= bh Ag = 480 in? Ag = 9.36 in? Reinforcement ratio = st = 0.0195 
A 
g 
P:= fof Ag + (n - 1) Ag] P = 764kip 
Po: | - Ast) P, = 659 kip 
Pc Ps 
P¿:= پو‎ P, = 105 kip 100.— = 86.3 100 = = 13.7 


Part (b): Compute the capacity of the column when the steel begins to yield = :< 0.002069 

or 2/10 of one percent 
Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but 
we are at the elastic limit of the steel. 


fg i= eE ې1‎ = 60001 psi 
From Figure 1.16 1, := 3100psi for slow loading 


Since the problem is nonlinear, we must break out the concrete and 
steel areas. We can no longer use the elastic equation from 1.1. A.:= A-A 


P:= fA, + ff Ag P= 2021 kip 


P.:= ۸ 
c ፀር ۴6 ےط‎ = 1459kip 


e. P P 
Poem fy Act P, = 562 kip 100.— = 72.2 100 = 8 
Part (c): Compute the maximum load capacity of the section 


Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, 
but we are in the plastic range of the steel. 
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fi fy f, = 60000 psi 
From Figure 1.16 f, := 3400psi for slow loading 
Since the problem is nonlinear, we must break out the concrete and A-A-A 
steel areas. We can no longer use the elastic equation from ۰ c" "e ^st 
P:= LA + fg Ag P = 2162kip 
Poi= ፍሊ P, = 1600kip 
e. P P 
Ps ;= fs Ast P. = 562kip 100-— = 74.0 100 — = 26.0 
5 ۲ ጅ 
If we reexamine the problem with a fast loading as would occur in a building, then the concrete stress 
would be 
م1‎ :< 4000psi 


ጅ:= AL + fg Agt P = 2444kip 


e ዞ 
Poi fe Ac P, = 1883kip 100.— = 77.0 
"Six 562 ki : 

57 2 100— =23.0 
P 
Comments 


1. As the concrete becomes non-linear, the steel picks up more load, but after the steel yields, 
the load goes to the conrete. 
2. The slow loading is approximately 88% of the fast load scenario 


/-2 
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1.5 A 24 in. diam eter column is made of the same concrete as Exam ples 1.1 
and 1.2 T he area of reinforcement equals 2.1 percent of the gross cross section 
(i.e. 4,7 0.0214,) and f, = 60 ksi. For this column section, determine (a) the 
axial load the section will carry at a concrete stress of 1200 psi, (b) the load on 
the section when the steel begins to yield, (c) the maximum load if the section 
is loaded slowly, (d) the maximum load if the section is loaded rapidly and (e) 
the maximum load the reinforcement in the column is raised to 6.5 percent and 
the column is loaded slowly. Commenton your answer, especially the percent 
of the load carried by the steel and the concrete for each com bination. 


Given Properties 


የ,:= 4000psi fj 60000psi f.:- 1200psi n:- 8 E¿:= 29000000psi 
Column Properties 

2 
d:= 24in Ae" DEN p:= 0.021 p is the reinforcement ratio or the fraction of 

4 


the section that is steel 
Agiz P Ag The total area of steel Ay, İS A, = 9.5 in 
Part (a) Compute the axial capacity of the section loaded below the elastic limit. 
Solution: The axial capacity is based on the gross area of the column plus the effective area of the 
steel. Since we count the holes where the steel is removed, the additional effective area of the steel is 


(n-1)A,. 
A= Ag” Ast Ag = 452 in^ Ag = 9.50. in2 ዲር = 443- in? 
P:= ፍጫ + (n-1) Agt] P = 623- kip Concrete and steel 
contribution 
£A - مر روم ے‎ P 
P¿:= fe(Ag - Ag) P. = 531-kip 100 = 85.4 
P 
P.:= ۸ P. = 91-kip Ps 
5 c st S 100 T = 14.6 


Part (b): Compute the capacity of the column when the steel begins to yield 5›፡ Y 


E, = 0.00207 or 2/10 of one percent 


Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but 
we are at the elastic limit of the steel. 


.E . 
y 5 پا‎ = 60000: psi 


From Figure 1.16 f.:- 3l00psi for slow loading 


Since the problem is nonlinear, we must break out the concrete and steel areas. We can no 
longer use the elastic equation from 1.1. 


Gs € 


ኮ:= fy Ag+ fy Ag P = 1943-kip 

c 

100.— = 4 

= ۸ 

ሂላ P, = 1373 ما‎ 5 
5 

ቪ።= ۸ . 100 — = 29.3 
59 "sS “st P, = 57089 P 


Part (c): Compute the maximum load capacity of the section if loaded slowly 


Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve 
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and we are in the plastic range of the steel. 


fy ۱ f, = 60000- psi‏ وا 
From Figure 1.16 f,:= 3400psi for slow loading‏ 


Since the problem is nonlinear, we must break out the concrete and steel areas. We can no longer 
use the elastic equation from 1.1: 


P:= FAQ + fy Ag P = 2076 kip 
P .:= fA, ; P 
c7 leie ۳ 
Po = 1506 Kip 100.— = 72.5 
P 
ديم‎ fg A Ps 
5 fs Ast P, = 570-kip 100 — = 27.5 
P 


Part (d): If we reexamine the problem with a fast loading as would occur in a building, then the 
concrete stress would be 


f. :< 4000psi 
P:= په‎ P = 2342 kip 
Pe:= fc Ac P.. = 1772-kip Pc P 
c 100— 2757 كو‎ 243 
Py fy Ag P, = 570-kip po 


Part (e): Determine the capacity for a slow loaded column with the steel changed to 6.596 


በምን 
Au" 0.065 ላ, Ag = 29.4 in 
f= fy f, = 60000- psi 
From Figure 1.16 f,:= 3400psi for slow loading 
P: fy As + fg Ag P = 3270-kip 
Poi= fe Ac P, = 1506 kip 100 = = 46.0 
Pom وا‎ Ast P. = 1764 kip 100— = 54.0 
P 
Comments 


1. As the concrete becomes non-linear, the steel picks up more load, but after the steel 
yields, the load goes to the conrete. 

2. The slow loading is approximately 88% of the fast load scenario - This is slightly 
higher than the 0.85 given in eq. 1.8. 
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1.5 A 24 in. diameter column is made of the same concrete as Exam ples 1.1 
and 1.2 The area of reinforcement equals 2.1 percent of the gross cross section 
Oe, 4, = 0.0214,) and f, = 60 ksi. For this column section, determine (a) the 
axial load the section will carry at a concrete stress of 1200 psi, (b) the load on 
the section when the steel begins to yield, (c) the maximum load if the section 
is loaded slowly, (d) the maximum load if the section is loaded rapidly and (e) 
the maximum load the reinforcement in the column is raised to 6.5 percent and 
the column is loaded slowly. Commenton your answer, especially the percent 
of the load carried by the steel and the concrete for each com bination. 


Given Properties 


f, :< 4000psi f= 60000psi f.:- 1200psi ከ:= 8 E,:= 290000005 
Column Properties 
2 
d:= 24in Ae" wet p:= 0.021 p is the reinforcement ratio or the fraction of 
4 the section that is steel 
A= Die The total area of steel A. iS Ag 9.5 in? 


Part (a) Compute the axial capacity of the section loaded below the elastic limit. 
Solution: The axial capacity is based on the gross area of the column plus the effective area of the 
steel. Since we count the holes where the steel is removed, the additional effective area of the steel is 


(n-1)A.. 
Ac:= Ag” Ast Ag = 452 in? Ag = 9.50 in^ A, = 443 in? 
دنم‎ fe | Ag+ (n - 1( Ag] P = 623-kip Concrete and steel 
contribution 
>= የ. 5 _ ld P 
Pos f (Ag As) Pe = 53189 100 = 85.4 
P 
حنم‎ fyn A P, = 91:kip Ps 
5 ር st 5 100-7 6 
Part (5): Compute the capacity of the column when the steel begins to yield £y:- Y 
E 
5 


Ey = 0.00207 or 2/10 of one percent 


Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but 
we are at the elastic limit of the steel. 


f:-&.E 
دنو‎ Ey Es f, = 6000ዑ psi 


¿= 3100psi for slow loading 
Since the problem is nonlinear, we must break out the concrete and steel areas. We can no 
longer use the elastic equation from 1.1. 


From Figure 1.16 


Bi fe Ac + fy Act P = 1943-kip p 

100.— = 27.4 

P .= . UP 1 
hai" fe ^c P. = 1373 kip NM 
5 

P = fc A . 100 — = 29.3 
A 5 St P, = 570-kip P 


Part (c): Compute the maximum load capacity of the section if loaded slowly 


Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve 
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and we are in the plastic range of the steel. 


Ah f, = 60000: psi 
From Figure 1.16 = 3400psi for slow loading 


Since the problem is nonlinear, we must break out the concrete and steel areas. We can no longer 
use the elastic equation from 1.1. 


: fy Ae + fo Ast P = 2076 kip 
fo^ fe Ac = Li P 
Po 1506 kip 100. E = 72.5 
7 
Bez fy A ^ 
s st Ps = 570 kip 1007 = 27.5 


Part (d): If we reexamine the problem with a fast loading as would occur in a building, then the 
concrete stress would be 


Áo, = 4000psi 
:= fy Ay + fy Ag P = 2342 kip 
hoi" fc ^c P. = 1772 م1‎ Pe P 
c 100— 2757 کون‎ - 343 
hai” fs ^st P, = 570-kip po 


Part (e): Determine the capacity for a slow loaded column with the steel changed to 6.5% 


3 
As 5 Ag Ag = 29.4 in 
A fy f, = 60000: psi 
From Figure 1.16 ¿= 3400psi for slow loading 
ደ f Ag + fg Agt P 3270 kip 
.= ام‎ 7 
moi” fc Ac P, = 1506 kip 100.7 = 46.0 
و 4 دزو‎ 
s st P; = 1764 kip 100 77 - 0 
Comments 


1. As the concrete becomes non-linear, the steel picks up more load, but after the steel 
yields, the load goes to the conrete. 

2. The slow loading is approximately 88% of the fast load scenario - This is slightly 
higher than the 0.85 given in eq. 1.8. 
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Problem 3.1 1/2 


Problem 3.1 A rectangular beam made using concrete with f = 6000 psi and steel with f, = 60,000 psi had 
a width b = 20 in., and an effective depth of d ። 17.5 in and an h=20in. The Concrete modulus of rupture fr 
= 530 psi. The elastic modulus of the steel and concrete are, respectively Ec = 4,030,000 psi and Es = 
29,000,000 psi. The area of steel is four No. 11(No. 36) bars. 


(a) Find the maximum service load that can be resisted without stressing the concrete above 0.45 or 
the steel above 0.40 fy. 


(b) Determine ifthe beam will show cracking before reaching the service load 
(c) Compute the nominal moment capacity ofthe beam 


(d) Compute the ratio of the nominal capacity of the beam to the maximum service level capacity and 
compare your findings to the ACI load factors and strength reduction factor. 


[F] Reinforcement sizes —— 


Given data 


Note: for all MathCAD based solutions, the area and diameter of reinforcment bars is in a common 
database. Hence the notation A,,, indicates the area of a single No. 11 (No. 36) bar. 


. 2 . 
As:= 4+۸1 A, = 6.24 in E¿:= 29000000psi 
b:= 20in d:= 0 h:= 20in 
fo :< 6000psi fy 60000psi E,:= 57000 [f ¿psi E, = 4415 ksi 
E, 
f= 7.5 [fe psi f, = 581 psi n:= — n = 6.6 
Ec 
(a) Find the maximum service load that can be resisted without stressing the concrete 
above 0.45 fc or the steel above 0.40 fy. 
f.:= 0.457 ی‎ ር = 2700 psi 
1 :< 0.601 f, = 36000 psi 
As 
:= — - 18 
0 bd p 
2 
k:- dron + 20.8 — وم‎ k = 0.381 
jid k j = 0.873 
J: 3 ] . 


Moment due to concrete limits 


٢ سا‎ 


Mars 
3 J M, = 229. ft kip 


1 
sc’ 2 
Moment due to steel limit 


Ms Ac fej-d . 
ss" %5% Mg, = 286: ft kip 
The maximum service moment is the minimum of the two values. 


M,:= min[Mss, Mso) M, = 229. ft kip 


3-1 


Problem 1 2/2 


(b) Determine if the beam will show cracking before reaching the service load 


3 
Lee A L = 133338 
g 12 g 





Mor] = 64.5. ft kip 


This is less than the service laod so the section cracks. To demonstrate that the transformed 
section does not affect this conclusion, the following checks the cracked transformed section. 


nm 


Ay:= — A, + bh Ay = 0.697 in 
2 
2 h ۱ 
ا <:ی]‎ + 00۵ -*mA;|d-—-A .4 
ut” g y s [ 2 J Iut = 15400- in 
Ma: fr lut 
oi" M... = 80.1: ft ki 
h cr2 ` p Moo 
= 7 Ay —— 21242 
2 . 
cri 
(c) Determine the nominal moment capacity of the section. 
Ac fy 
ai= سس‎ a = 3.67-in 
0.85f حا‎ 
2١ 
Miz Ag fy} d = — . 
n' ^s 1 2) M, = 489 ft kip 


(d) Compute the ratio of the nominal capacity of the beam to the maximum service level capacity and 
compare your findings to the ACI load factors and strength reduction factor. 


M, 


Ratio:= — Ratio = 2.13 
M, 


First, the extra computation of the uncracked transformed area gives only a 1896 increase in the 
cracking moment. Comparing the cracking moment to the service moment shows that the service 
moment is almost 3 time the cracking moment. Therefore, unless the service moment is very 
close to the service moment, you can be assured that the section will crack based on the gross 
section calculation. 


Second, the margin of safety between the service moment and the nominal capacity is 2.11. 
This is greater than the ultimate load factors and phi factors from ASCE-7 and ACI (1.8/0.9 0 
if the entire load is classified as live load) indicating that a service level design is more 
conservative than LRFD design. 
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3 ۵ (436) = 3.31 in? 


3,5 1 5 =ሬ . 
w, * 0 elt 


ግጽ (150) = atselt 1 |‏ * ولدا 





zs" 28 
M. = wl (7450 +313)(Zo) \ 
> > 8 1900 
a) ሔይ" re 4 5 ٤۹ = 3,0 
ፍ 3,0 (co) ና = 609,000 دم‎ ) 
A* 5 Eb .85(4)02) = 4 4l Ki *4oo0 ዖ5፤ 


= Ask, (d- (= 3.0 (eo (zs - راک اك‎ 2M ky bes 
Ei = Me. Su => 


This exceeds He target value ወዮ 1.85 


ኔ) ' n:8 A. from E. së oco © " 3,000,000 
z ጽ 3 - 
"ظط‎ ጄ” Zen ۹ 


From Table AG bro 389, و‎ + 0.887 by 7 


AS a መ መ ን 
4 + Y (an. ٹ(وہ/ہ‎ 22.0.0103. - 3(0 orog) = 0.337 
. (Gë (12000) , 
4° ጄሥ 2/873)25 ^ መሥ፡ 
Mis 138 (12500) ۱ 
د‎ -=ራ = —— A = ፎሬይ ( 
A bj bd* .331(.287) ۱2 (25) P 
c) + - 5 f£ TS eae s 4۱4 دم‎ ) 
TELA > ۶ ES = (5,625 “مز‎ 
n e I, 4+44(15,675) 
25/2 [2600 ` 


or 


41.4 Ft k 
Me KAM, 


۰. Beam will Crack 
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Problem 3.4 A rectangular reinforced concrete section has dimension b=14 in., d=25 in, and ከ 
= 28 in., and is reinforced with 3 No. 10 (No. 32) bars. The material strengths are f, = 5000 psi, fy 
= 60,000 psi. 
(a) Find the moment that will produce first cracking at the bottom surface of the section 
basing your calculations on ly the moment of inertial of the gross section. 
(b) Repeat the calculation using /ራ the uncracked transformed moment of inertia. 
(c) Determine the maximum moment that can be carried without the concrete stress 
exceeding 0.45 ۴0۵۲ the steel stress exceeding 0.60 # 
(d) Determine the nominal moment capacity of the section. 


(e) Compute the ratio of nominal moment capacity from part (d) to the service level moment 
from part (c) 


ወ Comment on your results with particular attention to comparing parts (a) and (b) and 
comparing part (e) to established load factors. 


[F] Reinforcement sizes 


Given data 
. 2 ۲ 
Ag:= 0 A, = 3.81 in E¿:= 29000000psi 
ከ:= 14in d:= 25in ከ:= 28in 
fo i= 5000psi fy: 60000psi E, := 57000 Jf ypsi E, - 4031 ksi 
E, 
ኩ:= 7.5 [fo psi f, = 530 psi ni= — n = 7.2 
Ec 


(a) Find the moment that will produce first cracking at the bottom surface of the section 
basing your calculations on lo the moment of inertial of the gross section. 


3 1:1 
bh 4 _ He , 
:م1‎ ES Is = 25611 in Mert i= Uh Mer] = 80.8 ft kip 


2 
(b) Repeat the calculation using /,,, the uncracked transformed moment of inertia. 


ui 





Ay:= لا‎ 2) ልሃ = 0.719 in 
, mA, bh y 
2 
2 h ۱ . 4 
lit lg + b-d- Ay + "Aa - 7 - AY | lyt = 28689 in 
ዬ፤ 
r ‘ut . M 
Map i= h Moro = 95.5 ft kip 2 - 1.181 
2 - Ay Mer 


(c) Determine the maximum moment that can be carried without the concrete stress exceeding 
0.45 م۶‎ or the steel stress exceeding 0.60 ty 


f.:= 0516 f. = 2250 psi 
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{i= 0.607 f, = 36000 psi 
As 2 . k . 
p= ቦ= 0.011 k:= (pn) + 208 — Dn k= 0325 1] := 1 -3 j = 0.892 
Moment due to concrete limits Moment due to steel limit 
— ل‎ kd) i sS اځ یھ‎ Mg. = 255 ft-ki 
Msc: 0|٢ d- 3) M,, = 238 ft kip :یی‎ Ag fg: ss < “kip 


The maximum service moment is the minimum of the two values. 


Mg:= min[Mss, Msc) M, = 238 ft kip 
(d) Determine the nominal moment capacity of the section. 
A f. 
ےو‎ ———— a=384n  Mpi= Ag hy 4-2) M, = 440 ft kip 
0.85f +b ሃኒ ره‎ 


(e) Compute the ratio of nominal moment capacity from part (d) to the service level moment from 





part (c) 
My 
Ratio:= — Ratio = 1.85 0.9 Ratio = 1.66 
Ms 
M 
Ratio] : Ratiol = 2.942 
cr] 


(f) Comment on your results with particular attention to comparing parts (a) and (b) and comparing 
part (e) to established load factors. 


First, the extra computation of the uncracked transformed area gives an 1896 increase in the 
cracking moment. Comparing the cracking moment to the service moment, Ratio1, shows that 
the service moment is almost 3 time the cracking moment. Therefore, unless the service moment 
is very close to the service moment, you can be assured that the section will crack. 


Second, the margin of safety between the service moment and the nominal capacity is 1.8, 1.6 if 


a q factor is included. This is greater than the ultimate load factors from ASCE-7 indicating that a 
service level design is far more conservative than LRFD design. 


3-6 


3.5 fe z 66,000 psi f= seco psi 
a) يم‎ +2 *ይ =2(0.19) 7 1.58 in? 





. አይይርረ5) . [ይሬ 
,95 )5( 2 
Maz Aste (d-%) = 1.58 “ር! + 
= 151 fr kips 
b) ۶٤ o =2(121)7 2.54 تم‎ 
Aste . 2.54 (go) _ . 
“sth .s5(5)r ۰ 
۳ 2,54 (م)‎ (zo - 24 + 
> 25% St kes 


c) AS: BHO = 3)0 7 7۴ 


a: 2)6 , ههه‎ 
BOC 4 4۵ in 


+48) A 


Ma? 3.21 Lol ze - 2 


> و2‎ $r Les 


A check of net tensile strain shews ፎር 20/0077 so 
tensile steel has .هلا‎ 
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Problem 3.6 A singly reinforced rectangular beam is to be designed, with an 
effective depth approximately 1.5 times the width, to carry a service load of 
2000 lb/ft in addition to its own weight, on a 24 ft. simple span. The ACI Code 
factors are applied as usual. With f, = 60,000 psi and f"; = 4000 psi, determine 
the required concrete dimensions d, b, and h, and steel reinforcing bars for a) p 
= 0.6 Pmax and b) o= pos. Include a sketch, to scale, of each cross section. 
Allow for No. 4 (No. 13) stirrups. Comment on your results. 
Given properties 
fj 60000psi f.:- 4000psi l:= 24f wj:= 2000 ۷ := 150. 2E 


Estimate beam dimensions for self weight 
determination 


b 
b:= 12 in 1:= 18 in ከ:= 21-18 | | 


Wg:7 b-h: we 


ki 
د وان‎ 1.2w, + LEW ሣህ = 3.515 0 
2 > 
| . c 
M,:- wy My = 253.1 kip: ft 
0.05(f - 4000 psi) 
By = 0.85 - ሙ= 5 
1000 psi 
f 
c 0.003 
:= 0.85 84- —.— = 0.0206 
Pmax ' fj 0.03 + 4 
a) For p = 0.6 Pmax find the section properties to carry M... 

From tabi i Sa 
p:= 0.6 pax p = 0.0124 rom table  Resistance:= p: fy 1፦ 0.588 
Resistance = 662 psi Since p<Po ons, then := 0.90 

3 M, 
b: a = 13.134 in 1:= 1.5b d = 19.7 in 
2.25- ው Resistance 
.2 
پھ‎ > pbd A, = 3.2in 
A solution is to use 4-#8 , b= 14", d= 20.5", and h=22". 
As: 40.79in^ b:= 14in d:=20.5-in giving a design capacity of 
Ac f 
ai= መ = 3.98in 
0.85 ob 
a . ۲ 
:رل‎ $ As fy 0 d pM, = 263 ft kip >M, እብ) = 253.1ft-kip OK 
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f 
b) c 0.003 
:= 085 ዉዴ -ሙ” 
የ005 0 f 0.003 + 5 
fy \ 
Resistance:— p fy 1 - 0.588 Pa Resistance = 911 psi 
c 
3 
u . . 
ከ:5 |——ə— = 11.8 im 1:= 1,255 d =17.7in 


1 EN ¢: Resistance 
. 2 
A,:= pbd A, = 3.78in 


This is satisfied by 4-#9 A, = 4.0 in2. Beam dimensions would be b= 12", d= 18" and h=21" 


(or more when two layers of steel are used). The increase in depth accounts for the smaller 
area of steel. 


Check: 
b:= 12-in d:= 18-in A¿:= 4.1.0in = 4.0in? 
ሊፒ 
a —— ል = 5.88 in 
0.85-P ¿b 
M.:= bA cfld a) M. =271.1ftkip >M, OK 
Ó nT $: S y > 2) $Q n . d 1۳ u 


Comment: While there is a small savings in concrete using solution b, the final selection 
of reinforcement can often result in a reinforcement ratio greater than the code allows. In 
which case, the solution in a) is preferable. 


Homework 3.7 1/2 


3.7 A four span continuous beam of constant rectangular cross-section is supported 
at A, B, C, D, and E. The factored moments resulting from analysisare 








At Supports, ft-kip At midspan ft-kip 
M, - 138 Map = 158 
M, = 220 Ms. 8 
Me = 0 Mca = 138 
Ma = 220 Mae = 158 
M, = 138 





Determine the required final concrete dimensions for this beam using 021.75 b 
and determine the reinforcement requirements at each critical moment section. 
Your final reinforcement ratio should not exceed p = 0.6 Poos, f, = 60,000 psi and 
f. = 6000 psi 


[+] Reinforcement Details 


Given Properties 


f', = 6000psi fy = 60000psi gu = 3 
D, — 4000psi 
84 = 0.85 — 0.05-———— = 5 $ : 0.90 
1000psi 


Solution Approach: 

Solve the first section using the Resistance Factors. Then, having selected a section, determine 
the reinforcement requirements for the remaining sections. Choose reinforcement bars to meet 
your criteria. 
220ft-kip 


Moreqd 7 7 Mnreqd = 244 f kip 
0.85-8 Po En 
= —. — = 0,024 = 06000 = 0.014 
የ005 f Ey + 0.005 | P = 298005 
y u 
pf, 1 
سرچ‎ pf, 17.588 — R = 788 psi 
y f 
c J 
M 
d 
لاه‎ - 10778 


> d := L75-b = 18.7 in 
17.7 





A= bdp = 2.86 in2 8 


4 
n:= — =36 
WË 
Try the following dimensions and then check the solution 


ከ = 10in h:= 22in d:=h-4in Additional cover is required because the bars have to be in 
: two layers, See Table A.7 in text. 
A, = 4۸۵ A¿=3.16in Note: 3410 (No. 36) also works and allows the steel to be in one 
layer but require more steel, 
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ኢቲ 
5 ሃ . 
a := ——— = 3.72 in a ; 
0.85-70 My, = Agf (a ፦ d My, = 255 ft-kip 





= 1.04 


y OK 


nreqd 


The next largest moment is 200 ft-kip. This is 10 percent less than the first interior joint so no 
adjustment of reinforcement is needed. 


The largest positive moment is 158 ft-kip. This is 72 percent of the maximum moment so the steel 
requirements will be approximatly: 


. 2 A 
= = 2 
وپھ‎ = 0.72A, = 2.28 in n = وہ کے‎ =288 use: A, = 3۸ 
Asg 
From Table A.7 use 3-#8 bars in one level 
ሙክ ንጋ. a := Zei < 2.7913 M = A f. û - A 197 fk 
ص085‎ C mb "em 2) P 
Check total Capacit $M 
pacty — nb ور رے‎ OK 
158ft-kip 


Design end negative moment at A and E 


138 


. 2 . 2 
ويف‎ = 18. = 2.07 in Use 8 Ag = و3۸‎ = 237 in 
A 
S `y . 
جا و‎ ———— - in 2۱ ۲ 
0.85f ¿:b Mm = WA - 2) Mp2 = 197 ft kip 
Check total Capacity $ Mn 


OK‏ 1.12 = ہہ 
158ft-kip‏ 


Gi : 
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Problem 3.8 A two span continuous beam is supported on three concrete walls 
spaced 30 ft. on centers. A service live load of 1.5 kip/ft is to be carried in addition to 
the self weight of the beam and is to be applied in a pattern loading. The dimensions of 
the beam should be approximately 022 b, and the reinforcement is to be varied 
according to the demand. Determine concrete dimensions at all critical sections but 
select a constant section for the beam. Allow for No. 4 (No. 13) stirups. Use a span to 
depth ratio of 15 for your first estimate of the depth. Adjustthe depth if the 
reinforcement ratio is too high. Include sketches drawn to scale. Use f, = 6000 psi 

and f, ። 60,000 psi. 


[*] Reinforcement Details 
Given Properties 


የር - 4000psi 

f i= 6000psi f := 60000psi := 090 8 := 0.85 - 0.05 —————— = 0.75 
e ñ 101 7 : : 0 1000psi 
mus ie L:= 308 ~a i= 15007 


Solution: Begin by estimating a beam depth and width, then compute the girder load.. Compute the 
maximum negative moment due to both spans being loaded then the maximum positve moment 
with only one span loaded with live load. Try: 


L h 
h:= — =24in 1:= h- 2.518 = 21511 b:= ፦ = 010 
15 2 
5 ۳ kip ۷ ۳ kip 
Wei" Yo bh 0.30 " Wyi= 1.2w, + 1.60۷. = 2.76 7 


wl 
= 8 = 310 ft kip 





Mneg 


By trial estimate a, then compute A, for the negative moment over the support, select final As and 


check Mn 
Mneg 2 2 
a:= 4.0in Ags ————- = 3.54 in Try 3-#10 Ag:= 3-40 = 3.81 in 
a 
-የ.|[ብ--፦ 
: y 2) 
a ፦ነ 3.74in Mic ویر‎ 5 1- 374ቤክ NM. = 337 fe kip OK 
‘= Gi . ‘= . . - - = a KI e = ۶ Kl 
0.85.8 اي‎ n SY) 2) " n " 
cis EN = 4.98 in ` = 0232 <3/8 therefore phi = 0.9 is OK 
1 


By trial, compute the required A, for the positive moment condition. 


The maximum positive moment occurs with dead load on both spans and live load on one span 
only. The maximum moment for the DL occurs at 3/8L in from the end and the maximum moment 
for live load occurs 7/16L in from the end. Conservatively, take the sum of the two conditions and 
apply them at the same location. 
49. ۷۲ L? 9-1.2 Wg L? 


Me ——ə— + 
Pos 512 128 


= 229 ft kip 





Problem 3.6 





2/2 
۱ Mpos 2 2 
a:= 3.0in سن و۸‎ = 2.55 16 Try 3-49 ۸ :< 3: Aso = 3.00 in 
of 1 ደነ 
y ) 
a sy 2.94in M Ack.(d—2 1- 3006 ¢-M. = 270 ft kip OK 
= = 2. ‘= TI >-<መ = H e = “KI 
0.85.3 اي‎ nm SY) 2) P n P 
حم‎ > = 3.92in : = 0.182 <3/8 therefore phi = 0.9 is OK 
1 
3-410 (#32) 






| #3 (# 10) 
21.5" stirrup, typ 





3-89 (#29) 


Section at midspan 


Section at interior support 
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ፌዴ | ዕ% “መሠ “ሠ, Whe one span‏ سامت 
[፳ btw, Ot BN‏ ۔ 
oe + L‏ — 





5 LXI L 
(Wp لاه‎ | 


Both. ጫ end 1 ar factored عاصه‌ها‎ 


Kr 


3.9 5 = 72٥ esc, እ = 00 ሥሩ 
1 P <, A, =Z 5 


መመሪ Su + Ey = 


, گ وه‎ 
zO.6Z2 
- A- ሚን 0.0285 
t yf 
ይሠ “<. / 
Key ` 5 — t 
1 و‎ Ey “Ep 2 ; 
25 , وه‎ 2 ቃ ۸ e 
= 2s(5) E Lo 15 ۰03 — 7 (2x 18 
= 0.0252 


Pt As - 4588. = 0,0012 
12/8 


a) و تم‎ EE o. ol 7 
ሥዲ “ዴዳ Joy ` £v 


by tral fe ፉ/ፊ፣ A, * 3.321- Det Z, 78 aŠ 
z 2.12 (ee) , < = > يک‎ > < 
%° (2 دے سو‎ of, ۰4۵ Yes 268 
شور‎ g 4272-5 ነ. . 
ድ" Es TN 24,000 zi ሆመ = HA جع‎ ok 


in-hip= 302 (ko‏ 3024 ^ )12 ۲ + (۱(۱۵-2:9 )5۵ دوم 


` 3 5,03 
ው መጨ 2 
b) A, 5.03 (4 ም E 9.0235 


ሥዴ nf, ሥሪ Säi 





38in 
5.00 int 
6.001" 











by trai ደ።55 ksi وار‎ + 5087 ¿9158 = 3,11 ጦፍ 
| = Žli سر‎ - ca ع5‎ = 2 `: 
0۳ت‎ ፍታ 25) ooz) = 52.1 ka ak 6 £ 2 »عم‎ 
Min = كفا‎ 2308-24) ተ 5.(ሬፅሂ - BEI 41 پا‎ BA fe ky 
Go 
= ` = - ېه‎ e. y 
۹ A, On 35 ۵ 2 = 
صر‎ Sch £ ` £; ب يم > صر‎ f ty bot very > hse 
۸ ef 
(6.4 -158)€0 -é . 6.50 ۰ 
50, که ټس د‎ j. 
a~ مهم‎ ٧ ETT 


Mn = 8)) 3 1-2 (٢) #8)ኗ5(- EF): 5391 aber: 448% ke 


ደ مدن 25 د‎ VETA (225 RIRS of, 


G heck dies 


C Celi.) 
=— . 





2ሪሪ 











Ol B . 2 . 3ت‎ ሥ 


کت مر یې وې یټ Mot: for‏ 


Case "exact" Assume 7 nore 
Pos / 
A; y ré As 
a Ma O02 305 20 
کرت‎ ۵ Loic 2.760 
k Ha 211 ج3۹‎ 362 
Ma ۱ 1,000 | 0.003 مهه‎ 
My Exact" 
C ሐላ däs, 448 408 
Ha ¿000 1 HI 
"سورع رام‎ ® baso ወላ) 


= --/ይ 

















3.10 0 = 4000 esi , ካ 2 é0, ندم ممه‎ 4 ጫረ T 
Mo = 400 ft- kps 





Pet, ተሣ a 0 y rein read keam ሠላ .ፒ 
k: b سو‎ da assure $” -OF 1%10(432) 


A مره‎ bd =. ሪ/#//2#ኙ፡ 13) = 5. 45 کم‎ 
ጨሬ . 665 (e) 
ES é .8S(4) 2 24 

Manr Ady “ዲ/ z بو‎ e5(&o)/ 13- £15) = 5 fe- lips 
“ዲነ most add compression ۸ forcement, 


From table 35. ዓጾ know 2 > ty geck + - 44. ۸ 
د كر‎ E< < ` < دمه‎ (0.00) PIS Stat USE 23% ksi 


/ ” ا‎ A mar Ge a 6 kips 


1. Ma. 6402ا‎ 
^7 An" x39) ٠ 


TRY Aio )# 22) 75,085 ነጣ 


ሥ fe 005 


4ل = سس 


Tes تمعمرهم مهمه راو‎ al fy “‹= ksi 
A, > 5.047. +4۹6 (22) = 6.37 in? 


tey 7*W(*sz) A, ٤ 


Boase ፈኒ > As For م‎ Ol, St ¢ + need de be checked 
by trial ۳ 25.5 ہے‎ 

- (es. 5.00(222 o 2 4,22 a 4.33 - 5,0 ( 

ዶ 0.35 (4) 24 ^ € 9پ‎ Ve 


1 5. - ۳ 
Check 7 * 21,000(,003) A e 35,1 gk Use 25.5 ksi 





M, = 5.02555 - 3)+[881- -5 el E leefs: $55 2۹ء ۔‎ er 464% k 


Y > ¿003 2-5۵5 o. 00466‏ 0.003 > بت 


5.64 
ቀ «0-5 = OBÍ 


. 6+ 
dh +؟ 5382 + ئن اڈ‎ bës «M, < 


(oe design by m صمت‎ 5109 the comp ٤ rein-ferceme ገፉ 
ተማ 4*;,4(“3ፍነ. ዲፖ 6.24 
4 li 
areas ing positive reinforcement lowers ቀ (con +) 
S رس‎ 7 


2.10 (‹ሪባ., 
M treal ۷ = 22,5 ksi (See 3.0 for trial con vergence) 
_ [8.83 - r24 (82:8) 60 
, كه‎ (4) 24 (- ቁ 
check ኳ > 24,600,003) 


4.05 ፍር = 4l 


us = = 323 ok ose 525 ksi 





Ma * 4 )32.5()13- air (8.84 - 4 29 )ما‎ - 195 ) 
3 5656 in “kes - 411 G -kies 





Chek ee > 2.007 de. > ,003(! m =0.00518 
زک‎ < ,00% drai 
pM, > 41 (o3) 424 ۰ kes > Mo. OK 
| Use 4۱ (#32) compassion | 
3 ۵ ) *22) Tension 
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Problem 3.11 For the beam with a triangular cross section shown in Figure P3.11, 
determine a) the balanced reinforcement ratio and b) the maximum reinforcement ratio if 
& 20.005. The dimensions of the triangle are such that the width of the triangle equals 
the distance from the apex. The width at the effective width b equals the effective depth 
d. Draw the strain distribution, stress distribution, and define your notation. 


2 


SOLUTION 





strain stress 


a) Find the balanced reinforcement ratio 





From Equilibrium 
C=T 
0.85] (1/2 a by) = Así, 
Substitution A, = p b d, where b = d and b, = a gives 
0.851 a2/2 = p df, 
Solve for p 
_ ۵85 7 


fe 2گ‎ 


2 f, d 


The relationship between a and c is a = Dic. From the relationship of plane 
sections remain plane, the correlation of c/d is 


341 


Problem 71 2/2 


Substitution for a and then c/d gives 


و 1085 


2) E, 2 
1 
2 7 E, FE, 


For the balanced condition, & = €, and pp is 


گر 0.85 _ 


2, €, 12 
^ 2 f, Bi » +e, 


Using grade 60 steel, so £y is 0.002 and مع‎ = 0.003, the balanced ratio becomes. 


p, = 9.15387 E. 


y 





«zSolution for balanced ratio 


b) Find the reinforcement ratio for g, = 0.005. 
For £, = 0.005 and يع‎ = 0.003 the reinforcement ratio is 
f. 


y 


Pocos = 0.06055; 





<=Solution for reinforcement ratio when e, = 0.005 
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Problem 3.12 Develop a design table and chart for the moment capacity of 
rectangular concrete beams based on the use of the flexural resistance factor R 
(See table A.5a and Graph ۸.12 for examples). Material strengths are f, = 60,000 
psi, and £ = 8000 psi. The table and graph should begin with رہم‎ and end at 
Pmax- You must show how the maximum and minimum values for p were 
computed. You may use Excel or MathCAD to perform your calculations. Your 


submittal must include a table, a graph, and commentary on how you checked the 
work. 


[>] Reinforcement Details 


Given Properties 


የዕ ~ 4000psi 
>:ی۶‎ 8000psi — ሺ.:= SE ዕ:= 0.90 6:2 0.85 - 0.05 - 5 
; 3/1: psi 
200 y ዞ 
Dmin:= [us NE = 45 
y ۷ / 


f 


: 0.003 ١ 
:= 0.850 | —2— l= 0.028 
Pmax 1 fy (om + 0.005 J 


fy 
R(p):= ፁቫ 1 - 0.588p. — 
fc 


P:= Genie, 9-005.. Pmax 





Resistance factor vs. reinforcement 
ratio 





0.000 0.005 0.010 0.015 0.020 0.025 
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3.12 Excel solution 










ፀ R (psi) سس‎ T ከበ 
0.005 265 | ۱ ۱ 
005 2937 Resistance factor vs. reinforcement 
0.006 322 | . 
0.006 350 | ratio 
0.007 379 | 
0.007 407 | 
0.008 435 | 
0.008 463 | 
0.009 491 
0.009 519 
0.010 546 500 
0.010 574 
0.011 601 0 
0.011 628 0.00 0.005 0.010 0.015 - 0.020 0.025 0.030 
0.012 655 
0.012 682 p 
0.013 7091. 
0.013 735 
0.014 762 
0.014 788 
0.015 814 
0.015 840 
0.016 866 
0.016 892 
0.017 918 
0.017 944 
0.018 969 
0.018 994 
0.019 1019 
0.019 1044 
0.020 1069 
0.020 1094 
0.021 1119 
0.021 1143 
0.022 1168 
0.022 1192 
0.023 1216 
0.023 1240 
0.024 1264 
0.024 1288 
0.025 1311 
0.025 1335 
0.026 1358 
0.026 1381 
0.027 1404 
0.027 1427 
0.028 1450 
0.028 1473 
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Homework 3-13 1/1 


3.13 A rectangular beam made using concrete with f“ = 5000 psi and steel with f, = 60,000 psi 
has a width of b= 18 in., an effective depth of d = 21 in., and a total depth of h= 24 in. The 
beam is reinforced with 4 - No. 9 (No. 29) bars. Compute the nominal moment capacity 
assuming a) an equivalent rectangular stress block, b) a triangular stress block with a peak value 
of f'e and c) a parabolic stress block with a peak value of f<. (see Fig. P3.13). Compare and 
comment on your results knowing that the rectangular stress block correlates within 4% of test 
results. 


a 


| 
| x 3 
LV 


A =⁄ ab 





Triangle Properties Parabola properties 





]۶[ Reinforcement Details 


Given Properties 
የጌ — 4000psi 
f ۾‎ :< 5000psi f, = 60000psi B) = 0.85 — 0.05. ——— — — = 0.80 ó = 0 
y 1000psi 


b := 18in d := 0 A, = 4Ag9 
a) Use equivalent rectangular stress block 
Ag ty a ٦ ۱ 
a:= ——— = 348 Mor = Aç ኣብ d — — ¡=389 kp 
0.851 ره الا حا‎ 
b) Use a triangular stress block 
Af 
a = — =5.33in | ay) 
b 


M Ag fy} d = — 
የ 


nt = Ayfy|d— y حر‎ MK 


م2 


Use a parabolic stress block‏ (م 





3 ١ 
ap = 76 Mnp = تاره‎ _ 8 7) = 390 ft-kip 


d) Now look at the ratios 





M 
_ گلا‎ _ M 
5 1.01 nr = 100 
Mnp 
CONCLUSIONS 


The selection of the shape of the compression block is not a critical parameter. All results are 
within the 4% margin of error associated with correlation to test results. The use of the rectangular 
stress block has been calibrated over a very large range of beams and columns and found to be 
adequate and a convenient method of computing flexural capacity. 


3-23 








i , 
2.14 ኒ = 64 ٥ psi 


fu 2 Ga 000 65 





t . 20 5ھ‎ 
LA, 20.415 ۴/۸ 
E Cectue width k] 
2(2) qo" lo" 
bett = | 48" = USE ፋይ ሀ 
4b,,54(6)= ሬቶ" ኢኒ < vele x25 + 3215] 
t iSo ted beam ° 144 
Mhay 7 2.273 TABLE AR دهت = ولا‎ pt 


(P = 9 mex = 52 
A, = bel = 0.0136 (48) 2۵ ^ ٠) 2 
Use SUE) A, = 1248n? 


1 ዴካ . 12:48 Ceo) _ 2 ۵6 ላላ Zb ok wth rect. Section 


Qs ۱ 
35 6ھات8.‎ 
Ma = As fy (d - H) = 1248(60)(20—*2°)- 13,820 o be 
Ma? 1153 {t kips 
2 ۹ z 3.06 e > 4.08 ۱ ۲ ۳ BEN 
< 7 4.02» 7 168 م‎ ۵.2۵4 <5 ٥۹ 





5 


Total capacity + $M, 7 ۵5 )۱55( = 1038 fr ke? 
سان‎ (582, 20° = 145 Ut kes 


چېا +) 895 PM -Ho‏ د لم 
5۳ 5 
Leu, U, = H. . Zil. ይ[ይ=ጋ 407€‏ 
PLS uet i.e (30)* TH kip /et‏ 6 - 
ሠ .‏ 
i240 psf‏ ہے 12% = Posted Load > ከ” E‏ 


< ፦ 24 


Problem 5 112 


Problem 5 

A rectangular beam has a cross section 3 in. wide and an effective depth of 10 in. and a total 
depth of 12 in.is reinforced with a single fiberglass reinforcing bar that has a cross sectional area 
of 0.45 in.2 The bar has a nominal tensile strength of 140,000 psi, a linear stress strain curve to 
failure, and a strain at failure of 1.8%, and a modulus of elasticity of 7,800,000 psi. The concrete 
strength is f. = 6000 psi. Determine the nominal capacity of the section. 


Given Data 
b:= 8in h:= 1218. 1:= 10in — f,:- 6000psi fy i= 14017 Eg:= 7800000psi 
5ህ፡= 0.003 599” 0.018 
. 2 
61 := 5 Agi= 0.45in 


rest emt T- 





First Trial, assume that the fiberglass rod ruptures and the concrete fails in compression 





fy Ag T, = 63.0kip‏ :و 
T‏ 
d EAR 581.4in kip‏ او a = 1.544 in e Matz‏ لاه 
)2 8 0.857 
0.012 = ہے تل eis e‏ 
Su 179 1‏ 1:7 
c 5 Tel 0643‏ : 
Eug‏ 


The strain in the glass is only 33% of the ultimate strain, therefore we do not have compatibility 
on the section and the fiberglass rod does not fail. We need to set up compatibility conditions 
and then solve for equilibrium. 





By trial assume a:= 1.268in and iterate until the amog =a. When they are equal, we 
a have compatibility, e.g., the location of the neutral axis 
C= D results in a strain and corresponding force in the 
1 reinforcement to balance the compression force. 
ene d-c 
gl روت < لا‎ = 0.015 
<:ي1‎ Eg Eg Ag 
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Problem 3.15 2/2 


Tg 


"mod" 0.858 داي‎ amod 787 


Compute the nominal moment capacity using the usual equation except that A, is replaced by 


the tensile force To: 


a) 
Mpg i= Tg 0 _ 2) M, = 485 in kip 
5 fi 1 ME ۰ 

The stress in the fiberglass rod is fyi= Ey زو‎ f = 115 ksi 
1 
= = 0.821 
fu 

COMMENT: 


The beam fails in concrete compression with the fiberglass reinforcement at only 82% of its 
ultimate tensile capacity. Using the nominal tensile capacity of the glass without adjusting for 
the modulus of elasticity leads to over prediction fo the beam capacity. 
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Problem 3.16 compute the maximum and minimum reinforcement ratios for reinforcement with 80 ksi 
yield point and የዕ = 4000 to 8000 psi in 1000 psi increments similar to those shown in table A. Aa 

of Appendix A. Using the maximum and minimum reinforcement ratios, develop resistance factors 
and design graphs similar to Table ۸.50 and Graph A.1a 


Solution: Assume maximum tensile strain in the steel is €, = 0.005 
f= 80000 psi 
series 1 2 3 4 5 
fo 4000 5000 6000 7000 8000 psi 
B, 0.85 0.80 0.75 0.70 0.65 
Pmin = 0.0025 0.0027 0.0029 0.0031 0.0034 
Pmax = 0.0159 0.0135 0.0123 0.0114 0.0107 
p R (psi) 
0.0010 
0.0015 118 
0.0020 156 
0.0025 194 195 
0.0030 232 233 234 234 
0.0035 268 271 272 272 272 
0.0040 305 308 310 310 310 
0.0045 341 345 347 347 347 
0.0050 376 381 384 384 384 
0.0055 412 417 421 421 421 
0.0060 446 453 457 457 457 
0.0065 480 488 494 494 494 
0.0070 514 523 529 529 529 
0.0075 547 558 565 565 565 
0.0080 580 592 600 600 600 
0.0085 612 626 635 635 635 
0.0090 644 659 669 669 669 
0.0095 675 692 703 703 703 
0.0100 706 725 737 737 737 
0.0105 736 757 771 771 771 
0.0110 766 789 804 804 
0.0115 796 820 837 
0.0120 825 852 870 
0.0125 853 882 
0.0130 881 913 
0.0135 909 943 
0.0140 936 
0.0145 962 
0.0150 988 
0.0155 1014 
0.0160 1039 
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Problem 3.16 (cont.) 


R (psi) 


መመ 5 1 


3د سسسسه 


| 
| 7 سس‎ 2 
| 
| «Series 
| 

f 


Series‏ سس 





1 
1 


0 Abee mmm — 
0.0000 0.0050 0.0100 0.0150 0.0200 





reinforcement ratio, p 




















—.. = o.o lars ረ = SOD ps: Va = PUn 


GJ Ao wth sreke ` Va = 4 Ve 
፦ 1 d 1 b > 23.8 ع‎ 
bu d = Va = 80, eeo _ = 7 dan oF dc YT. 6G d. 





$ vec. 0,75 V$eoo 
(b) د / هسار‎ ሠ4 ህይ. WES SZ Z 2 CAs= O 77 Vt. مد‎ 5 => mts) 
Š T 7 
7 7 
Va = #ህፌ = #2 Vie bud 
6 EA b= / C9. 
bid = ۹93 -ሙ = S664 اج‎ 1.3.6. 
Szcxz V FEED d. = 33. bem 
(c) دولا‎ 2 Ye 
Va = Á (us + Ve) Š g Vc = Z$ xz Ve Lud 


| => 5.7 ጫቴ› 
Lud = 60,02 ۳ / ۶۹ ہے‎ > >J; - 
6 ۰,۲ 06% d-/9Ss.., 





Æ Porte / ፖሠሩ AREA Colca A هه‎ A f Ve Cow ريسم‎ Ai 
له‎ Mora, is ዳረ ‹ኃህ፡ “ርሲ “ol 


Z Xz/‏ په 


— 


LL /27 —/ 0 ب‎ 379 = 7.44 EA ffe 


Wa > 
V. = መ x Séi ==. S$.8: ps 
| ۳ /2.2 _ 
ሆሄ 7 = 55 8 > ራሥ x = 25,0 HIPS 
علا ل‎ = 0-75 xz [Fam x /ወ x /22 د‎ ዖሬ ዬፌ.ቃ« 
تج ہے‎ O 
Sed = ይወ fot d = تي‎ Ç x O Z< x مځ‎ ° x 727. = G-/O Ze 


UL - ple HS O - 6 


> € ورل‎ SECH = 27 7 


S < ۲ 
ç < Au بيك‎ cf? ۲ بی - جرج هه‎ 
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نے‎ SG sie 


Cn ሬጨጩ- ے ٭‎ 7>ው› cd سو‎ 
هده هس‎ Of نک‎ Ao lT 

x= ^46! Va “ር ሥሥ 
سير‎ 2, EMR Max AS ሯፎ ር; صۓے رت‎ 








eS ኢ>/ 
Ves /5 VE + 2-515 © روص‎ Ud ۶لا 3.57 < لس(‎ bud 








AT ye db | یلا‎ FSO LPs 3 - کل‎ 
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Vad . zz “መ = 6.93 <ሪ6 o 
Cu c 5.56 = ا رت‎ 77 
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TL 
X7 / 
Hac 42x 2.672 ፉራ «$36 = 7783. عمط‎ [Et 
Va = 47578 x zwW/L = ap 
— l = ۸۸,۵ laps 
4x37 = ۵ ) هړ‎ ٠ 
d Ve = O.73 ۵ ES x Ses | vs 
سے سے‎ _ GAs ft dd  ይ.ግኖሄ بره‎ x GD X3) - ge^ 
eu V, ع‎ $Uc. //^o - SD 
vo يرك‎ -*/7- = ¿s.s 
> < Z<“ 
< < Au {st - መ” 68,990 - ZAZ 7 
- ጭር ይሬ SAIZ 
s € Av $, € = e. v ¥ 69,000 ۳ T2 z^ 
75ت‎ pe 5” مر‎ VERO ጸዳ“ 
nag “ሥ/ያዩ 
۱ ل ل لا له‎ VAN ال‎ 
A Zy’ A 
ZZ, APS rey Y مھ‎ 
2 ሥግ A D 
//0.0 SS Crit سوک مه لی‎ ረጋፊ 


7 Lor face of Support. 


> < 258" مرا // - لا‎ ers 


e ሽ.... همسجم سا‎ Tinas 
3.0 
PAT. መ ጮክ. 


Use ^s. Y (0.13) 





/ space ረጋ v^ = Z 4 


7 spots ወ Y" =s ° 
Al له وه دمي‎ “ፍና “ታ ሬይ” 
۶ ۶ ۵۴ = © ۲-7 < 
Total e £ IZ Wo. y (2o. ሻነ 5 ሥሥሬ ps (op ea cl Leal spam, 
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Wa, a و 7۷ 5 ک‎ Z 53x95 
— 222 = راج ج ر‎ tk 





ሃሬ”‏ = 33 2 52-5 > /ا 
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THERE DAL) 
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tar” 
د 22276000 دل عله ے‎ 20.9” 
باعل‎ Voor 6 
ረ- Mn fly لام لا‎ 
—— [— 2 - pi 
les “As ود.‎ 650 x 3: هه‎ 
MA بن‎ Maa st be = UL dy ፈጨ Rage تر‎ vue S DA Ls. Cs 
Z- 48 
AN ፦ . = [13,7 ረ 
8 ER 
p= 0.9 for shear 
QV. for at Least 9V. for Less Than Minimum 
Minimum Stirrups Stirrups 
Distance Ma, Vis D. ét, Vs S, Vos Lige) 
from Support, ft ft-kips kips ` 0 i i 
0 0 55.8 1.28 33.5 245 219 37.7 8.3 2.28 20.4 10.2 
1 52 48.4 1.11 329 262 23.5 27.7 116 24 29 109 
131 67 41 1.11 32.9 2.61 234 2 12.8 2.44 21.8 10.9 
2 97 40.9 1.32 336 241 21.6 21.4 14.6 2.25 20.2 10.1 
3 134 33.5 1.56 34.5 221 19.8 152 20.0 2.06 18.5 9.2 
4 164 26.1 1.73 35.1 2.09 187 8.2 36.3 1.94 17.4 6.7 
5 186 18.6 1.84 35.5 2.01 18.1 0.6 477.6 1.88 16.8 8.4 
6 201 11.2 1.89 35.6 1.99 17.8 - - 1.85 16.6 8.3 
7 208 3.7 1.87 35.5 2.00 17.9 - - 1.86 16.7 8.3 
7.5 209 0.0 1.83 354 2.02 18.1 - - 1.88 16.9 8.4 





*d, from face of support 


— 6 دس بعص ي ےجب PEARED‏ سم ير Z‏ < 


ارپ 





ØV., for Less Than Minimum 





PV. for at Least 


(b) ` 


$ 7 0.75 for shear 


Minimum Stirrups ` Stirrups ` 

. Distance Mu Vus PV. Vo وګ‎ We ؤ‎ 2, 
from Support, ft ft-kips kips 4x1000 م‎ ያ kips kips in. 6 kips kips 

0 0 55.8 1.28 335 245 18.3 417 7.5 2.28 17.0 8.5 

] 52 48.4 1.11 32.9 2.62 196 32.0 10.0 2.44 18.2 9.1 

1.31% 67 46.1 1.11 32.9 2.61 195 295 9 244 18,2 9.1 

2 97 40.9 1.32 336 241 180 25.5 3 2.25 16.8 8.4 

3 134 33.5 1.56 345 221 165 188 1 2.06 15.4 7.7 

4 164 26.1 1.73 35.1 2.09 156 116 25.5 1.94 14,5 7.3 

5 186 18.6 1.84 35.5 2.01 150 40 8 1.88 14.0 7.0 

6 201 11.2 1.89 35.6 1.99 14.8 - - 1.85 13.8 6.9 

7 208 3.7 1.87 35.5 2.00 149 -- - 1.86 13.9 7.0 

7.5 209 0.0 1.83 35.4 2.02. 1 - -- 1.88 14.1 7.0 

*d, from face of support 
SELECT fRAcrncAu ናሬ 6 
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سے 

نک بعس ؟ نا መራ‏ سم سا Jo‏ سم 
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QV. for Less Than Minimum 


PV. for at Least 


Coda wal 


Z2 


(a) 


é = 0.9 for shear 





Minimum Stirrups Stirrups 
Mu, . 
Distance ft- Vu PV. Vo S, ሠፉ. 0۷۵ 
from Support, ft kips &x1000 8 kips kips in. B kips kips 
0 0 141.4 1.28 33.5 245 30 4 6.2 1.87 41.5 20.8 
1 135 129.6 1.17 331 255 32 73.4 17 1.95 43.3 21.6 
2 259 117.8 1.07 32.7 2.67 33 572. 10.0 2.03 45.2 22.6 
2.33* 297 113.9 1.09 32.8 264 33. 53.8. 10.6 2.01 44.7 22.3 
3 371 106.0 1.20 332 252 31 481 11.7 192 48 24 
4 471 94.2 1.34 337 2.39 30 387 143 1.82 40.5 20.3 
5 560 82.5 1.46 34.1 229 28 284 19.1 1.75 38.8 19.4 
6 636 70.7 1.56 345 221 28 17.4 30.9 1.69 37.5 18.8 
7 701 58.9 1.63 34.7 2.16 27 5.8 91.5 1.65 36.6 18.3 
8 754 47.1 1.68 34.9 2.12 26 - - 1.62 36.0 18.0 
9 795 35.3 1.71 35.0 2.10 26 ፦ -- 1.60 35,7 17.8 
10 825 23.6 1.71 350 2.10 26 - ፦ 1.60 35.6 17.8 
11 842 11.8 1.69 34.9 2.11 26 -- - 1.61 35.8 17.9 
12 848 0.0 1.65 348 2.14 27 -- -- 1.63 36.4 18.2 
*d, from face of support 
G) 
## 0.75 for shear 
PV. for at Least ØV; for Less Than Minimum 
Minimum Stirrups Stirrups 
Mas 
Distance ft- PV. Vs ይ gét. pV./2, 
from Su የክ ft kips 4 0ءء‎ ያ 8 sips p kips kips 
0 141.4 1.28 5 5 245 50.7 14] 4 1.87 34.6 17.3 
| 135 129.6 1.17 33.1 2.55 52.9 6 129.6 1.95 36.1 18.0 
2 259 117.8 1.07 32.7 2.67 553 82 48 2.03 37.7 18.8 
2.33* 297 113.9 1.09 32.8 2.64 546 8.7. 113.9 2.01 37.2 18.6 
3 371 106.0 1.20 332 2.532 323 94 106.0 192 35.7 17.8 
4 471 94.2 134 337 2.39 49.5 11.1 94.2 1.82 33.8 16.9 
5 560 82.5 1.46 34.1 229 474 3140 35 1.75 32.3 16.2 
6 636 70.7 1.56 34.5 221 459 195 70.7 1.69 31.3 15.6 
7 701 58.9 1.63 347 2.16 447 338 58.9 15 30.5 15.2 
151. 

8 754 47.1 1.68 349 2.12 44.0 7 47.1 1.62 30.0 15.0 
9 795 35.3 1.71 35.0 2.10 43.6 ፦ ፦ 1.60 29.7 14.9 
10 825 23.6 1.71 35.0 2.10 43.5 - -- 1.60 29.7 14.8 
11 842 11.8 1.69 349 2.11 43.8 - ፦ 1.61 29.9 14.9 
12 848 0.0 1.65 34.8 2.14 44.4 -- 1.63 30.3 15.1 


*d, from face of support 


Su سپس رل‎ Pre c. caf Sha Cony 
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ie hu Paz Aën 1 کچ‎ ተ ۵/6 1375 
موه‎ Z ) 695+ Sv» (375) =7/64 مک‎ > 


Q = = es = 716*۷۰۰۷ و‎ ogg 


176 ۶22.2 Y x, 2 


Q >O.or جد‎ Swag Leanne DE وم‎ as did erred 


Grants Loads on, ہہت‎ Al z E1 

2 د‎ 12 ኑ/ጋፍኝሬ 4/6 x20€ = SLRS less 
Ada = ሪ2=# برع ۴ 77 = 70 ۴ 6 / د‎ 
ራራ. = 49 یہ << ل‎ /ወ/፪ኡኑ2ር = FP? 
v ۱۰262 ( 460352 
(204) ፉ፤ሪሪረፇጋ 


2 ፖ-/2 رک‎ 
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E ሩዳ O. 61 ې‎ 626 


fe. = Ma 7 //2ሠ፡/ጄ 


ZA 


= 0.0307 
9f و‎ ሬ 0.65 xy «676 së 6 


F^ o Gray ل‎ A.7 7 €5 = زه .تہ‎ zz 
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AA A 
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ادا‎ f£ “Sooo رام‎ fo = 60.000 زم‎ 


مه اې 


= (Goo 45 = ۴ 
"en zi 


هه = 


Check section shear capacity. 
ረቶ ማቼ bd 


= 0,15(10) Lë 24-120 
= 2× > K^ ¡667€ ok 
Node stress limits 
CCC Node fa e! 
- ( 
ph. 1 $ Bn £ 


።ዕገሄርያ5፲ ۱( 2229 = 
OTISK) 2200 





= ک‎ 71 sreoté Tie Mop et 
CCT node. ይፊ * 2.80 Geo mek. 
* - = 21.8 
ZZ, d 0 -T5(. 6 Ü." Tan” 2 1 
: 9 ጅ Tan AS = 22.ሬ 
= 2.25 )کا‎ € 24 
Bottle s gee strot Capacity eces 
مم‎ 5 g. = EEL = ۴ 
ያ / Ae _ 8 1 
= t 23 = 
PL, ይዳ Se fac * IDE 1370 
=0,75(0. 15X25) مه‎ y = 1067 = 1280" 
د‎ 2.37 ks BS an 29.8 


Size struts using hettle-sheeet sirot limit, The width are: 


< 
"Ze? 
24.1 Cosó, 
گے‎ 5 < 22.4" 


facial Uode A 


(con't, ) 








Fas [To ۳ : 
z د اھت م‎ n 
Ware pfu b 2.39 (24) 
መራ = 15ና6 = 242 
2.2٩ )24( 
Ww, = 1220 = 722.244 
be 2.26 (24) 
Validate assumed structural depth 
deat. ES 55 - 125. 
bh naea Wee 


d > ۱2۵5 assumed ۰ 


“መ፦/ 


١١ (Cont) 


Check. Stress at Colurnn connections (Made ends are Ok since 


bier, dA, መዜ)‏ مې 


Ar node A 72 2 eck = 2.18 ksi < رض ل‎ 25h, fer c-c-c Node ዕደ 
24124 = 





Ár pode 6 . ej ہم‎ 125 kx < کر‎ sh for c-c-T nede ok 


By mpectión Nede C 5 ak 
esqa Tensión he 





k 
5 44890 = 28.d in” 
A; > ሪዳ > 9,15(60) 
ሦ 


ty 25 “lo = 2٩,2 گم‎ 
+ sz? 
Check shear Capacity 
Ay > 0,2225 bs z 0.0025 (2412) ' ዕ-ገ5።ሃፁ Use ESCELNOO (6 ነ 
A 70.0015 bs + ©.0015(24) 12 = 5 vie عون‎ * A59 ہہ"‎ 
eoch face. 
Verify placement with 5 ۵ (* a2) per row, 
ፒ = ۸۵ + 2 ) 62. ۲5 + 5 (lan +AG( > 2۱. #0 سے‎ (٥۸ ava ok 
R 


couen Jj 524 *ፋ ት to Zá, مهای‎ 
Spacing 
Check heat 
h 6ء‎ +.02)+ 5 20+ 4 (25) = 20614 < We "` ص273‎ Ok 





cover 5 d, ہے‎ pacing 
etre 
Aistance above = cover below 
Use mechanical anchers or Go hooks . مد‎ ( ጭነ 

- ጾፋ(*5) ad vo ea. Fuc-< He (Hw) 
gei ie) | | | 
@ o" £o. 

ፍፍ 7 





* 25*17(መረ) with 
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Possible %ተርህተ cand die - models, (9) 15 
Simplest ۷ develasat 
ዬ። Joco ps í j Lu > رقن‎ eoo اعم‎ Model Geometry 
" ዘሬ" 
Zi, se: 224 Gy |(2"ርቅ)- Va (u) A I fp 22.4% 
ኣል = 114 ei ٢ 
Ef, ۸م عمد‎ ۴ He = 224 d ١ 


ER, 20 Va جا‎ + 8 > 22ሬፍ 





A `‏ ر۔ 
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ዴታ z ` LEL - y 
ec EI) ^ +8 
ر ل/‎ < 85:58 = 292" 
هه‎ 2 2٩ (12) ና 
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column rem forcement 
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a= 4241 ^ 
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(Gut) 
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10.4 (ent) 


pe 
Chea É YE fr ያ u e) 265 መን et" 
0 
¿> (15 10.52 +3)166( +2(2x156) = 1492 ie" 
Cour ? q -both ^ 3 bars C, clear | zd, 
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1C Lo rofa ek 15 
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Comments. 
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The mo calm «sea (run fore CCC node 
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Problem 10.5 
1/2 


Problem 10.5 A column transfers a factored load of 700 kips to a 9-ft square footing shown 
in Figure P10.5, resulting in a factored uniform soil pressure of 8640 psf. Design the footing 
reinforcement using strut-and-tie methods. Material strengths are የሬ = 4000 psi and f, = 


60,000 psi. Because footings typically contain no shear reinforcement, your design should 
be based on unreinforced bottle shaped struts. 


Strut and Tie data 


n=0.8  C-C-T Node 
Bs = 0.6 Bottle shaped strut with no shear reinforcement 
p= 0.75 
width= 102 in 


Material Data 
fc= 4000 psi 
ከ= 60 ksi 


Strut strength = 0.85 f'; x Bs x $ 
fas= 1530 psi 


Loads = q x tributary area 


kip 4 Locations‏ 103.5 عبط 
P¿= 90.6 kip 2 Locations‏ 
Geometry‏ 
h b L‏ 
49.8 40.5 29 1 
38.0 24.5 29 2 
30.2 8.5 29 3 
Strut Loads Strut thickness = Load/(strut strength x width)‏ 
kip 1.00 in‏ 155.7 1 
kip 0.87 in‏ 135.5 2 
kip 0.69 in‏ 107.8 3 


All struts fit within the geometry 


Tie Loads = horizontal component of strut load 


1 126.6 
2 87.4 
3 30.3 
Total 244.3 Kip Tensile force at midspan 
A. 5.43 2 n= 6.87 #8 
As= 5.53 2 
DESIGN 
Use 7- #8 at 12 in each way Hook bars at end for anchorage 
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Figure 5 








300 kip each 


60 1.33'—____>| 
6'-0" 


q = 700k/9'=77.8 kip/ft 


Strut-and-tie model 


to “10 











Problem 10.6 1/3 


Problem 10.6 Redesign the footing in problem 10.5 using traditonal flexure and shear methods as 
described in Chapter 16. Compare your solution to Problem 10.5 and comment on your results, 





fo:= 4000psi fy: 60000psi 
:= 8640 lbf := 150 bf 
u = 8 Wc حم‎ . E 
۲: 0 kip b:= 9ft h:= 36in E 
$,:- 0.75 مه‎ :< 0.90 Op := 0.65 7 سب لے‎ 
دع‎ 30-in سل‎ -l EE 
و‎ DO 
METHODOLOGY 


. Soil bearing is provided so no check of WSD is needed and step 1 is omitted. 

. Check punching shear. This check often sets the thickness of the footing. 

. Check slab shear. 

. Design flexural reinforcement. 

. Check bond and development length. 

. Check bearing stress under the column, especially if the column concrete strength is 
greater than the footing concrete strength. 

7. Check temperature and minimum steel requirements and sketch final design. 


O Q > OD — 


2. Check Punching (two-way) Shear 
d:= عط‎ 4.0in = 32 in 


4" difference between h and d reflects 3" cover and 
1 to center of bars in two layers. H is less than the 36" 
originally used for weight so the bearing stress is OK. 





bois 400 + 0 ከዕ = 248in 
Voi= 4 [Popsi ሃር = 253 psi 
A bgd A, = 79361“ 
۱ Sat t*d/24d/2 
داولاو‎ Og Ve Ay QV, = 1506 kip 


۵۷ ح‎ ۷٣ج‎ P,, therefore the design is OK. 


(of 


Problem 56 213 


Step 3 Check One-Way Shear along the face of the footing 





wn A4. w = 0.58 ft 
2 2 
| Vu:= dy wb Vy = 45 kip 
$V,:- 26, J fy 04 QV, = 328kip t pa 
Nominal shear capacity exceeds the ultimate load, 1 


therefore, one way shear is OK 


[1 Qu 
e, 


While the shear may be computed at a location d from the face of the column, the 
flexural design must be computed at the face of the column. 


Step 4 Flexural Design 





b 
]:= = — — = 3.25 ft qu ? kip 
2 M,:= = 548 in — 
2 ft 
try 8:= 2: in M, in 
مر‎ "o -0.327— 
SPUTAN 
۲۷ 2) 
Asg:= 0.79 in^ 
Asg in 


Spacing of #8 se 12 = 29.0 in 


5 
Try #8 © 14 in. A, provided = 5 


Check "a" 


0.68 in fy 
لت‎ =1.00in <a assumed, OK 
.85 7120 


The estimate for "a" could be refined, but as will be seen later, the refinement is not necessary at 
this time. 


Step 5 Check Bond and Development 
The development length must be less than the portion of the slab extending beyond 
the face of the column. 


#8 bottom bar from table A.10, ld, = 38 d, := 10 cover:= 3-in 


ከ 1 
Luz 384 ۳ = 38 in > 2 “2 — cover = 36 in 


Therefore the development length requires hooks for anchorage 


/2-/= 
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Step 6 Check Column Bearing Stress on Footing 


If the column and footing do not have the same strength, an additional check is needed. It is 
not required for this problem. 


Step 7 Check temperature and minimum reinforcement 
. 1.2 
ዲሩ፡= 0.0018 h Ag = 0.778 — in 
Temperature reinforcement is less than provided, therefore OK 


ኋ 1.2 
Asmin: = 0-0033d Asmin = 1.2677 in 


Minimum reinforcement is greater than provided. Increase reinforcement to #8 @ 10 in 


As=0.94 in2/ft. Since As provided is greater than As required, the development length 
can be adjusted by 10/14 and the hooks are not required. 


Final Detailing 
Note: The footing is also influenced by the anchorage of the column reinforcement. The depth 
must be at least ly, Furthermore, if the column has bending, hooks may be required for the 


anchorage of the tensile steel. 


d 


x 


۲ de clear 
#8@ 10" ea way 


4 0-0۳ 








The strut-and-tie solution requires #8 at 12 in versus #8 at 14 inches prior to the correction for 
temperature. In addition, the strut-and-tie solution requires hooked bars where the traditional 
solution does not. Otherwise, the solutions are extremely similar. 
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CARY Ate BEAM ANDENODER BARS THROIGH THE JANT 
TANS دیرم ےر ری‎ DEVELOP عم‎ Aë ساجک‎ ۸6 «5 FOR BOTH TOP 


AND ይጋፖ፡ጋ BARS 
CHECK CLEARANCES 


Column 16 lt 
4 *11(4%c) 






12y ۱۵۳ BEAM 
د‎ 3۶ to 2) جه‎ 
3 2) 222 


۱222 GuieDee 





M 
e, b 2* i (ats, 
PLANS n Cse) voe 
— د‎ 
$71 C3) Borron چا‎ 
Teas TOP STEEL FROM GIRDER ELEVATOO Assume *4-(413) cot 
LODER TOP STEEL FROM BEAM Ties 4 5ዝ(ፎፎጋየ% « I% CONC. covee 


Cue BAZ SPACING 
X= ie"- 3”"ርሬህፎሂ - z (1.41) - i" 58ፎደህዎ* 040 
Less 3*1((439) < 4.25 
1 


as ass ደ tho ያ... መሙ Z 
LIER لت‎ 2 9.2/2 < <4 


CHECK Cv ME MEAN 
BEAM WIDTH < GIRDER WIDTH < 12m 
94 اه‎ DTH = 94e ۳/2 SOK | ۱ 
ALSO EXPOSED Comer = ሀሬ -/ሮ3/2 Ein 4n 
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IER) RESULTS ቸ ወላ ELASTIC FRAME ANALYSIS 
ہم چا‎ ሮጩጨላዌመዕፐፎጀ ٠ 


Case A: DLALL o Boti SAMS 
CASE RIO )به‎ os RE ; 5ኔ oN Sc 
CASE Cs DL ኦጋ 85 , DL +L oH ac 


CASE ۸ CONTROLS Foe 


M جاعم وا‎ 
case B دم‎ 2o“ toc 
Mamas > إلا‎ 
SUPT DESIGN, MOoMENTS ACE 
FACE 
CIRCLED 


b e lo” 
h=22" d= 145" 


| AS ar B: 2.9 ع‎ 23 i 
۱ Az ا 2۸۵۰1 86 جم‎ 
227 A AT ۴67 3 ولا‎ 6 2 


i 
Cut OFFS ACCORDING 


180 ۴ Te FIG. 5200 , Bor ۷ 
Ait AY inte SOPPORTS . 





PEDSTABOTION ALLOWED: ቆ፦ 
| ١ 1 PA 2, €x 19.5- PIS 
نار‎ ] D< ل۲۶۸‎ ` C = dae BRO د سم‎ 274 4 Ef > A oos 57 
O. ESAS O 2 <7 MAK = 18.4 و9‎ 

- 0.0030 9.6 472). 0.0089 


INT SUT: c= |. z.327x69 2 ¥92"' یع‎ 
DES 0.835 X Fx O ) LG 2 MAL = 585%, 

TALE MAX RpeDueTIOnN AT 5. ADJ Me /5 x ois ار‎ 

AND BY ADJUSTING Ma UPWARD KEEP Mig ዳፕ ۴ 


Now REDUCE Mie, To ዓ6ዕ”” + ADJUST Mp UPWAED 0 
New Weg ETIAM Ma UNCHANGED y THIS GIVES W? % 


/ሯ--ሬ 


To 


12.4 (con't) SO ADJUSTED DESIGN MOMENTS ACE: 
| Mas 79 Mi: ۴ Mas 74 ۴ 


۸ 
ለፊ At 8: 3No.7 = 1.80 iw 
AL AT A:  2Me1* |1.25 iut 
ሉሂ AT AB: 2ጩ- 7= مجر‎ iu> 


AGAIN USE cCuorotF POINTS FoM 
TE Ssa Bur cpeey ALL AT ٥٣ 
SO PETS 


ToT WEIGHT OF STEEL ህ3፤፲ ۳۴ AC REDISTRBOTION 
= 40213 Foe 2 > 2۸۵6 


TOTAL WEIGHT WITH 1220157۲72 خ8‎ ت٣‎ ጋሊ) = 3S6LE 


STEEL REDUCTION = ۱۱,4 ۵ 
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| 55 ag ወ = ጄ ሬ..... . 


36 (2y-s\ ۱ء هگا‎ = ጋዶ 

m» 36 ع)‎ HAL C.» "Ley 
ے703‎ NK 

Yi] 

A => |!" 

2 ጩ7/ = 0.895 laws Jfr 


<= 
Fens OBS 2973 2 22x 29237 
/2 7 


73 Leed وم‎ 

VO (FC ځنر‎ Sup part 

= 415 (roz p o. وم / 32/ = 22 کچ‎ 
MIO مس تمه‎ os Low of ۲ 


ሬም, rior support = 


12 Es -- Ve سا‎ (AES ‹ዱ-« ¿£= Aer 
جه‎ = 


حسم 
— 


وصرے|(-++ 275 = ۳٩‏ 32 - 737 ےر 
c‏ 


z 6245 


Ma 7 FU 2 
2195 سس بی‎ 
gid Z 5.5 «3 ره‎ 


From Tet AS O = ات,0‎ 2 
For مهبم‎ girders use 


چ ې6 ٥ه‏ = tug‏ 7 بت = Log‏ 








j — 
/ ev 


Slab: sp = o 
Aan نے‎ (T<. ۔ ما‎ 4 ታ ort _ pP 

ድሃ ዴሃ 
ሠሩ ٠ r£ - tuc می‎ 
= 5 
U $$ AC): COEF (Tab es /2.ሀ 
44.2 ۰ 


- 


Ma = rr ns = 





ida = /2 v TES Hd. عر ها‎ 5-0 


رما سس 2 35۶3 ه 
“መ /= ۲‏ 

From TL A. 5 ፌ- d= ¥ te = ۵, 093, 

#“- = Le ናሄ"-«ጋ/ና"- , C= و ه‎ 

will wor (C — 


Penns + و = مرک : ورول سخ‎ ' 
Usa Some depth L- ሬ.7ረ 
Use Sy / (€ 
A =Z موی‎ AZZS. 
کرک رک نے مهو‎ > (9.3 
beams? mee 29-22 ۴ 
Ty base نم‎ ዳዳ 4 
wy = GE +(24-5) ققدم 2 اع‎ 
565 Lt €, = 0.963 /Gos/ fr 
= £50»/0 = چم‎ = ), la gtt 
Mu = /2 ۸9۵5 ተረ 6 x, C = 24 Maier: 


ርፈ 


u -z Been. ومو‎ = (8% 254 krs 
_ 5 =. d 2 75 I OG Gea < — = 
Mu ۶ TEZA ۳ Z 44 x 2h75 = 246 ft - hes o Z 
7/3 ርን E déngs چم 27 کہ‎ x ደሬ x 2. ک7‎ 
. / 
ېسک لا‎ To .ዕ A. 7 for €= 0۰ ۵۶ رت‎ = 92 4 - eus 2 1 
Ns Eyy 7 V= ۱/5 جک‎ ወ.ናዬ ×ح‎ 2٠ =ሬ Kips 
dr = /፻ ليا‎ 2 = 697% 127215 Ma? LLE ሠ -CLS S Ylf- AA 
2870 = 
= 298 کم هل‎ 
OKAY Mn. Yy جوھع »زا‎ = ç Á 
— phd? o. 9» TAKES 


fre con M wth »اسما‎ 


سيو ای گر وک .< bro‏ د که 
O 12, _‏ 


Cinders: 3 m=29.75 ⁄ 
AAA 


B oa >. M ocs ee s= ጩ كمه مر د ره مق‎ 


ሙ- 
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ومع Z‏ 7۵ باب 5 <= 
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us, = scht ës wes 150 Ibi (æsome be سے‎ * Z E 
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2 0 x Š 
T ا‎ CT, + eet. age E 5 
e- Mu 801 x Roe. ዚት. 
` ٭ وا‎ ¿o ¥ 12¥ ۴ 


Feom TABLE Ada Need = ,ወዕጄ2. 
Ag = ,ዕኃ53 »12 € ds 2.01 Ar use THES * aJ] V 
FoR عم‎ OF ددم ام موس ريت‎ ۷ ALL 
BRS INTO sueporTs (12 - Ze lo” 





CHECK Hehe AT ክሯ عن‎ sober wirt ۷ 
IUMEDATEN زوم‎ ۸-۳ Te SOPT FACE 


Nu RÀ Vp. 2.004 216 + des 180 k 


dl, 46 - z ዳመ «124% = Se Sie oek? 


“Toso (bo. iç) 
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T Ne. 5 x ۲-8 


LATE CAC STEEL: 
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Use N. 5 AT (G هت ع‎ 
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colo تشه‎ 
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| ን c Gr | | ei E | 
ሪ ኢር 
| ተር, TABLE 6.2: he EAT, C$" uz. loo pst 
۱ d= am ። M. | 
ug = ٠ 2Cree + ۵ + Ley +۱6۶ lesz 344 pet 


45ء 
DL‏ مد Moments: N: L (HEN‏ 


(tane uay AB: Get )* 547 

8: lo á ( y: 123 

&c: ዜ “ረ ነ * 452 

5 C: Get ነ = 6.58 

: 01 x Looc . : 2 

Ra? سلا‎ ROLE = 63 ና* 000 * Ait سیت‎ 
Za Re = UT g= 0.0020 * As* ۶ Ne .4 Ar 13" 
کی‎ | =l ح«م‎ 85 A= 24 Ve em 
P - 102 es 00017“ As” .18 Ve Ange 
E. = 5 11 ملم .22 3 0.0026 دې‎ 4 At ٥ 
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ala x 3 x 4 ؟‎ 

MAS Nu tas eS ٢ ې‎ 231 k 
دم دص = ساط‎ 127% [552 = des k > N. عه‎ 
m (Wo! 

A, تم‎ Direction 1 SPAN, USE እኤ 4 AT 15" 
LACE On TOP oF BWTTN FLEX STEEL . 


نے 752 




















[3.5 Compute Au Fee END SPAN (> INTERIOR |) 

COMTE Fol LOADING COoRRESANDINS To 
MAK MT = à ቀደህ”. ASSOME BoTH END MOMENTE 
ACE EQUAL; USE STATIC AUN CONS ISTENT VALUE : 
DEAD LOAD = ióoct|o-tios (zo PSE 


da x mo ፉ ۱4 5*7 ۱۳۵2 لل‎ IL 
۱ 4 × [Ze 14.5% 3/54 £L 


caos = 1352 Ib 





L = briza ددع‎ Siz u^ 


Ye .ر‎ DI 
Mo ዳ-ግ5* ۱ ۶ E^ 4584 DI > Wes ሜሬ SLAR یم‎ 


5 
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DiRECT 
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cam me.‏ کا sel) 455. | ses [ve‏ سم 
EQUIVALENT FRAME‏ 8 


MORE CONSERVATIVES,‏ کر 


KEIN FORLEMENT 
taU, Mo b d f As SZE Mee s 
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ረ “ፌ ۰ 2۳ uen ze!‏ 7 کا 
Eër, ty = eo, 000 psc‏ 4000 = £ 





. M zo 
ሪን > 100psÍ | | 
Assume À > 7 Average على‎ 6.5 ጭ፦ کچ س‎ 
وله‎ > Ë (50 = ۶م‎ 


th 7204.64 = / ٠/٥ ٥( ۶/۸ & (100) = 280 #عم‎ 
2 
^r 2 /ፌ፥ሬጋ | _ 
Y, ` مه )ه28۰ = ,)44( ")ده‎ A EZ UE who E 
pie Eé ¿V = ሪ,75ረጋር/ሩ 16.5)4 (5) ¥400 < 111.0 ع‎ 
1050 


PY. = ۷ SHENE ወደ 


La. 24906. 76, <8" .. ox FOR DESIGN 
33 25 
2 z 
M = ሠረ ድ 28 (20) (20 es = 244 ET kaf 
o ይ e 


Necar VE ዶቃረያጋዴድመ MOMENT: ی.ه‎ > 0.65 (244) s 159 Fr kir 
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. y 5 ` 5 f ې د‎ . 
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Bae Noof 
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2 « 1 
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Problem 13.8 


V, i= 10785.  f¿:= 3000psi := 60000psi Le 51000psi 


fy y 
t:= 7.5in d:= 6in too] ءے:‎ 10in de 0.75 A:= 1.0 

From Example 13.7 the basic perimeter shear is inadequate and strengthening is required. 
bo:= 4 (teg + d) = 64in 


a) Design truss bar solution 


Vmax ^ 6 fc psi bo: d = 126.2kip This is greather than V,, so proceed. 
V¿:= 2 [fe psi bo: d = 42.1 kip a:= 45deg 
V-V 
لت په‎  - 204in° 
oy fy sin(o) 


Use four bars, two in each direction. this provides 8 bars crossing the critical section. 


= 026in? Use 4-No.5 (No. 16) bars 


Abar:7 


2-No. 5 (No. 16) bars 





b) Design integral beam 
The maximum allowable load by ACI 318 is Vmax = 126.2kip per above. 


Try No. 3 (No. 10) stirrups. With two stirrup legs per stirrup and four arms on the beams, the total 
area of shear reinforcement is: 
by Ayo fy d 


Avo 4.2.0.11in? = 0.88 in? and the spacing is 8:= سس‎ =3.15in 
7 7 Ps Ve 


The Code requires a maximum spacing of 1/2, therefore a spacing of 523 in. will be used. 


The required perimeter is 


Vu 


= ———= = 217 in 
ቀኗ 2- Jf. psid 


bol : 


From the sketch below, it can be seen that the leg must extend 32 in from the column face and 
that 10 stirrups/leg are needed. 
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Dofinal i= 4 2in2 + 10in) = 221 in 


c) design headed shear studs 
The miminum height of the headed shear studs is 5.68 in per example 13.6. Use 6 in. 


Try s:=3in since the stud spacing must be > 2 


(Vu - by Vo) 5 
Ms و یں‎ 
s "ys 


Use two lines of studs per rail giving 8 studs crossing a critical plane. thus: 


= 0.986in2 


2 No.4 (No. 13) studs will be used. The layout is the same as for the 


A, 
Aud د‎ —— = 0.123 in 
8 integral beam and 10 x 2 studs will be used on each leg. 






10-No.3 (No.10) stirráps/leg : 


+٣١٢٣٣٣٣٢٢٢٢٢ 


1: ۱۱۱۱۱۱۱۱۱ | 


H- 
c 
مسا‎ 
ber 
Lo 
GE 

-t 
Ey 

A 
] 
سنا‎ 

E 

-t 

D 

L 

L 

L 

L 
a 
ما‎ 


ኀገኘፐዮዮዮዮ1 


ሞትየፐፐፐፕፐፕፕፕገገ 





۱۱۱۱۱۱۱۱۱ 1 





ማፕፕፐ የ پک‎ 


Internal Beam solution 





Headed stud solution 
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Ge beige d=:Gm | اک > هه‎ 
ኒ"*ፋርርጋ1( WV, = 118800 lb 


ASSOME NEGATIVE ےمم پیج‎ MELT > No.&( Nate) ^T & in 


dV. - 4 4 bad YE = 0.15 (4) 4U8+)] c Voo = 104,300 lb 


QV <V < ose SHEARHEAP 
NA 118, © ته‎ 
1 b = وسم شش‎ ep - I r 4 2 
b,- 4ie(& HULE) = 4 وو‎ 


4, = 20.6 - USE 22 ¿h 


TRY هته د‎ 3447.7, fy 256 ksi 
ዛሬ بجع‎ RESISTAVO = 176,000 in-ib 
Es LX, = ہز یه‎ ib 





&e(f*ie) An &i ካ ዳኔ” e (0.74) 55 a (1.841% ^ Y c2) | 


LocATE NEOTRAL Axis tes (ie) es" د‎ Uëi 2 542 | 
58 1.84 (6) +۱8۰۱ )2,15( + 5 ۱ ( ———— 


۱۱.84 + ۱۰۱۰ 254 2.15 





መሄ 





F r 2, IG ۵ 54 7ء‎ i 
= i£. : 
Le y 24 2.(ር” +1124 3.84 ^ + 658 + ۱8,۱ (0-59) ሰዴ 1 
3 204,5 گم‎ 
ER = ጫሬ xo? (364.5) = (114 “10° KR (b 
2 14 20.lb > 5ه‎ OK 
مہ‎ ang I 
۔‎ Vo EN = If kas Ed 
> ې‎ (A < 2١| > VE 
M; zp n D “ርሃ 2) 26194 "A 


= (00,300 in-lb < ۱٦٦١۷١١۵ caraciry (6<) 5 584 ذا‎ ADEQUATE 


ሉ column CAPITAL 7104.4, Se: ۱۵44/۵4 < ۱ ۵‏ ود ولا 
THE FOLLOWIVUG AAPITAL CAN BE USED‏ 


d E 
درط‎ A(I&*4*4 +0)" م۱‎ 
| Nofe: AN EXTENSION AS SMALL az" 


کا AU ACCEPTABLE by ¡BUT‏ ووو لاموع 
Too SMALL To FOLM,‏ 


Ai ie AN /2-/ያ 








i 


| Twy he ٩2 a. 4።ይ.. 


Ctd: (usd + feu, ` ۱ 
k. ` Z<ëx [20 +26) لای 555 د‎ 
Car Ce > 1318. 


ኒ" SE ሠ). (ee) 20 


26) 
| à Weg 
ما۹‎ OCOW ۱ 
Ne * CB SCO 46 002 1215 . 
= 12ሠ-ሃይ نښېڅ له‎ . 
de * ۱20 + 25 > لمح‎ LZ المجكا‎ 
| 


ec. 


— 








LZ- fl 





Vu 2 105 Kips 


Fumo * 120 f-kips | 


May د‎ ይ. ሀውኗ My = 72.0 ' وون جم‎ 

Mur © ፅ.ዓ6 Mu * 4۵۰0 ips. 

A, ^ Ex ما‎ [24424] "576 ad. 

ርፈ عم‎ Zin, :س4ع.ىہے‎ td. 
3 

E )24( e Zxlolag( iz)”‏ + ماس ول 


= BOLO IN 
SAR STRESSES 
o: 105000 _ 48000 x12 OA . 


PATO 
* = 182-123 = 59 pr 
de 3 ۱86 +۱5 = 325 امم‎ 
see * Ax .25 [4005 = 2S cei 


AMD 215 £305 مه‎ ¡Esp seme 
መናፎኦ AGAINST SHEAR , 


USE DROPPED PANEL AC EXTERE 
هخه‎ T, 1 


13.11 aer pure. DETEMONS, 
FATE PLATE. Gë داي غه‎ qÀ. 1 
ما‎ Zod. E= 5.۰۱0 نم‎ 
ما‎ 2 612 ۰ 


"Mié, Jee * 0.686 -0.008Z(2) * 0.0038 18, 
mic = 0.0385 -0.0087(2) * 0.0221 8. 
AND "له‎ : e 0810 in. | =immeome 
DEFLECTION DYE +O TOTAL DEAD LOD, 










Teal eHh- TEEN DEFLECTION po. TO جګاه‎ LUD, 
VAN ADO, ہے با‎ DOHO) 2008 
= (65^ 40 oh 4። 5 ©. 330 Sl. v. 


ን -”።ን። መ 
وکا رکا ریو‎ ٢ ۸۸۸۸۱7۰ 1 4 
YENS. | Con. PA, | ሃይሌ. 212350 98 





dh 
E 

1 
E 


| 1240101 ` THE WORST AGE. عه‎ LIN, Lao (sem roe. 


8 MOMENTS | DEFL,) ህነዜ ouve یه مد‎ 


32 (4. WET, Tao TÎ حم‎ ር vo ሬው vd ኝት LL. BEE 5 
76455 wt SYSTEM 15 (=ፎልህሬቿር> A6 UNEAZ TASTE ۲ 


SAME it BOT EE men. SAPERPOATO > Mdb RE LAED. TUUS; 
1 


Juro [BEHE - 0,1300 ul 


126. 5 


የክ Tw * 5 ec) Aig me 0.0389 x ነ. همه ,20 ۹4و‎ e. 
للع مق اس اتی میمت کم وه‎ ` 90407 ۸ እ; * 245 2(120.25470 | 3475۰ ۴ 


MUS, zo xl 
NECME OF WE LATERAL (CERKIENTS to@ THE (+) © 155.3 اواج‎ 
AD )— SECTIONS OF FACA STRAP, . . A - 
عم‎ mp Säz 2 0,32 > fuse de, > E (ocom) r 22۰۱2 = ۷ 


zZ 
nN s ےئ ہی 62 صا گا‎ = Na 


። ሀገ95 wh 


)30 ممه .م = 





ዝኒ ka ` الى‎ ° 6806 + 2 (0.0094) = 0.1504 (4. 
۳ 
de de تا 6.۵9۵6۵ "ےم‎ = 0.08 ul dmo ۵.۵04 + 2[›.ዕፎቸስ = عاقه.ه‎ l. 


de MID * 6.00 x 0.32 x 26 = 6.285414. 
4 
THE, HE TAFFERENCE IN MOMENTS Te TUE 


LEF AD RIOT ምዎ TUE ناخ‎ cs (e: 


(65-233) x a = * ||. 5ئ‎ ጥ «rs. 


TWO WAS DETERMINED FROM TWE Coma OF ALL 


NT 01504 +0.081Z = O, TB ہہ‎ 
dauu - 0.1504 هه م‎ > o. ٣ (ኮሌ. 


TOTAL IMMADISTE DEF, Due vo 74 uL + 0144 w, 


.4ዓዓ/ዜ y‏ < 0.354014 کے چه TAL DER.‏ همش RIAL‏ ادن FULLY LOADED‏ کہ 


DL 
Loro i MEA MITRE زم‎ — 


Fla ° 
THIS 
۱ 6م‎ x 2 4 
© > اودر د دس‎ 0-ሮሮ65ዓ. 
خجھ 9 دجم‎ 
COO zz 


ይ 
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WITH du, um bru, ۳۳۲-۲۵۳۲ IM EACH‏ لها 
DIRECTION SLAB ds 156 7265۱ AND mp T‏ 
Fr-L& /ዌፐ N ANY DILECTION ..‏ 





NEGLECT 
FILST MECUÁNISM : ረርመሪሯ ፎፎ 
EFFECTS ! 
BY ںیہں‎ ۸ WORE, 
Wirk > عع‎ ESNE کے‎ 
TRIALS FOR ጫ ۱ 
EQUATE INTE 2N AC 
+ EXTEN woge 
At, SELECT 4 Te y 
ewer MN ህያ ; | . : | 
o. e e. للا‎ Wo ሶዲ. 
eh 8 , Ae 71.33 m 6.14 ux Cikur 
4 ¿520 . 4o Chem. 6.671 عمد‎ 6.61 ur 
5 IK de €.co ክላ. 6.94 ur 6.5 4 سین‎ 
ሬ 266 .4o 2.C1 m. 7.08 ር 1,05 ur 
1 .24C „åo 5.45 ክሊ ۹ ےہ‎ ur 71,66 u 
$ ¿130 .40 5:15 عم‎ 6.48 wr 6-96 ur 
ረዴ 252 he 554 w 1.6] مرب 1.01 کب‎ * 
x GIVE EST u 
بسكم‎ fa 
Z€E&cox 9. MECHANISM NEGLECT 
| IM Cogeneg 
ACAI TAKE soccess INE | EFFECTS 


NALUA ANd SELECT‏ ے 
a To ENE MIN or:‏ 





|= ار 





_ a Wi We NUS 

46۰20۸ 46.7 ህ፦ 2.2) ur 

2. (o. 4 عم‎ 433ur An ሠ 

2 111 v. 4o: ም 550 uy 

4 5.50 عم‎ 26.1 ur 6.52 ur. 
«ር ۶ 5.00 m 52.5 us 6.61 ur ሦ 
POSSIBLE) 


. «+ ENE LewesT ar, BOT MEST 
| MECHANISM. وا‎ SEEN to Cette , 2200۱8۱۱ | 
HIGHEST w Ze GIVEN u>, HENCE Lo WERT 
| ዚህ” FOL GIE Mi 


i 
| w= 1.01 یں‎ 


ooo = 71.0 ur 
ux: «83e PSF 


¿Hd 














14,2 dess Live. اتاد‎ 





A 7 | 2 
۱ eorr 


poE To GEOMETRY sra 1e 


Vena Dianace جع‎ eas 


Porron Toe banie Menear. 





SMALL DIGPLICEMENTSS 


Sui een: Jet (Sana dini | 
8, + an ©, * Ya ` [Dana = SN X 1 
a همه‎ ጭም] ኝሊ ነ) 


Pomme som HeeATNE 7-2 ۱ 
pl» 





AIHIMOM 





e, "y CRT 


سوه للا Meteo,‏ مهدع سيم 
[ሀዉ e +N 20.6‏ 5,۰ لاد Wi‏ 


W. ዘካ” m + Ju, (os +20 I 


HP 
N د‎ pm, * 2.ሠቸ wem 2 
እ” d A, =40 et? FT. 


Wy 0.70 ups | Fr” 
—),. — يي واي سے‎ 


3- پر 














۸ UE ای‎ |14 መ” . 


5,0 5.0 
fk H-k 


2 


2o-* | 
aM, =o : ur (2e- ረ)”. S.0 = o 
= 
ZM = o : Hr ፍ>- 71.5 = e 


> تلام‎ SIMULTANEOUSLY To وه‎ TAIN V = 12.26 
eet so ur= ا.‎ ۶ 


ره ےگ 


[4.4 


ው 
4 ፡‹(141111[41411# 


LÉI 15 Hue ` 
7 


—À 





So 
| لا ور‎ | Y | 
| ur ه2 )سي ےا‎ -ዴ) = 
"EI 


ኳን; > ገዴ።ቴ +ፍ(ርጌ*፥ሯ = 254 سے‎ 


E -%‏ ع - وا 
Ë‏ + ا = ۱١ ኪት‏ ا Vier Mi:‏ 

SELECT SUCCCRS INE .ځا‎ ኣረ میں‎ 
"To 0 MIN کي‎ —— 

ped 

۱۵ - 115 

1 . 16q 

v , 65 
12.26 AGT x 

13 ۔‎ 6٣ 

1ዱ f (ገን 

5 1% 


* Lowe ۲ U =. ACT ef | | 
CORRESPONDINA TO Kr See 
NOTE: : ሮጋሯይመሯፐ JALUE Foe ۳۵۸۲4 po 26565 
- ኣሠፅ6 ኩክ BE OBTAINED FOE x= 42.. og. x = (5 ' ۱ 
Mme OF ሬ = 15 26" we 80 Feo. 
0 کې‎ OF ۳۵ 2۲ 5 


سک پر 








14.5 De Lue Anaya AHD 2 ۸2ا‎ Pest d | Aw 2,3 er, ሪኔ ” ይጋ. Si کت‎ 
Veron. Weg) وې‎ VALUES OF % b.c, d, 1 Da THE MARAYA 
| vA عم‎ Mas Pound. THE ۵ Nes: 


Le. 5 os , 27.28, 1.26, ma im: 612v. 
ጠ,ጩ, 85 ing 83 Gi, Ms 6320. 










SESCH " 
A ልወሟጋ BAT یی‎ DET كا‎ he S 
Sur لات درا حم‎ wer BE DEEP مدع‎ == TWO 


LAYERS عن‎ STEEL ት LONER. ےه‎ E (e` 


[ርዴ - 9. 1565s are i us die, 
e ላ1585፥ CaO) dré. 
M 632009) د‎ 1.001 err | Fr 


DE. ۱‏ نصدیسنه DETECTED‏ 
له سه epuer Eet.‏ صم امه 


. PL 6.۰ ديت‎ ۴ + i Asan ۰ .ی ۶ + ۱2 وم‎ ۱25۵۴ 
== . ې‎ * 0 z ہے‎ 
Permon ALONG AB ROTATION Alone ጅረ 6 Al" 1. 
a 2 l 
SS X የር a "رز‎ ዕ0›(4-ጭ) = “ጎጅ ዘ” 
9 x A a LOTRO as Ax 15 * O. q. 


fec a= هه‎ — A م.:‎ lm a: 0.31. 
INTERNAL Migra, Nees. f Par An prue, ^O] vec A esee 


W; > ። 110 65 +M2,0, + 0,6, PLACE STEEL ) we ٠ن ےج‎ 

vue. عو‎ UNES و )سح‎ MENT [FOST OF eve ( ኣሪ" ٠۰ ድነ (ጨው ሙአርፎኣንኮነትን) 
سو اق‎ ALONG THE WELD LINES. A ZA ak. A i 194 en 

* DISPLACEMENT AT رض‎ 6× 4 " EES 

ረይ ፍ < ዷል 212‏ 3 دې کا کح 
E E odio Y |" (Bases, AND ERMAT eo‏ 
K th e, (03903 — RANT At Kc => አዕ ክአ AB = gs 55"‏ 

e a 

Apu, PÇ ` DE 






OETHAGONÁL‏ دم ras‏ هل ههوت ۲۴ میج ےم 


ሂሂ 3 w A, 3 + e 6, eeu ¿t fene 005 ۱ i t L ችው spet. 
dé (1 + (10,23) E Lee +38 2: 
| 91 a+ 074) Ame: Er رې‎ +۵ 
| = 180.16 .وعم‎ 


| MW; 5 We. 1 ۱ Vu? :,0: تا ۶ء ۹ء‎ 


Teltat $24) ` كع‎ = 180.0 La r 5.2. C£. 


o (a la. df A 45 4 m ገ) DP 


14.5 ربص‎ 
pervect. 


Toe ልህ UPPER BOND, ORDEZ A ONE 
FON “ree AOUR FREE EDGE. 


w= pst + + Op * 120 pst. 


5 مس 
ሬ ሠ “Jas EI.‏ 
4 اس ፻፳ ° ንህ‏ ده d‏ 
Icom BD zou‏ 
چم 2.8% 55 Mee ° የረ):‏ 
سے 3085 * Mt 5 0.130 (25) ሃ 5ተ‏ 


Te = z 13.2 wi 
رید‎ 71 H 
ma *5 ሬ.ገፃ عنم‎ 
Ie @A! Ter * 240 
Teat 22 a 
ደረ I, ed, BBs? 
z 20.1 ای‎ 
۱ 4 


| To. 
T Leza 420.1) le + 5551 * 12. مر ط‎ 


0.130 425 2? 


۱ ee, esi ወሯ . 


TWO 19 A MA, DPPEE TOOND ሣራ ۱۲ DOES HOT 

TAKE INTO KLLOUNT WE لص‎ ٣٣۷ OF THE SAB 

Mut, ME INADE EDGE OF THE ء٤۴‎ CONSELLER, 
Lernen ist BOTH CESUte THE DEFLEL- 
mod جحم‎ INCTEME "WE. ARES دا لے‎ 


تې سور 
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سه 
ean toz 20.04‏ 
ده erus Se‏ 


oton = >6‏ د OMA‏ گا 
ena: 2) 55)*ቃ.(5‏ مار | INTERNAL Wees.‏ 
ect‏ دپ 2 ) 7۳29 + M- (234 e,‏ ( ص2۸۸۸ + M, ELM‏ 
Za 840235) + SAZO + 354 OFF" KOR‏ + كات [wu‏ گنا 
ددد * 8ኦ!‏ ۵ک SC‏ 0 = 


72 | 
7 (211320 10.33) + (£x 85. 1.0x044)|* Lx0.33x0 x 5. = وه = ار‎ 
(E. 554. 5.44 + Lum.) | 
= ]29.4 w. 
AND BQUATING THE uso => 30.80 = 129 44 ሁን برد د 0.54 وان‎ 


PRORERPUEE 16 REPERED A HUMBER. OF TIMES, OSORMO( AT LEAST THEE,‏ مې 
VEL THE Mik. u we Toure, ጅልሬዛ ww, THE GEOMETRY (ው. CHARMED A‏ 
Sman AMOUNT | (€ | = [5.5 MRED ይዩ ۲,‏ 


ፉ CASOLATION IMPLIES A سه‎ ۰ ALexxz 225 
is عللائای‎  ا‎ ) ! RoTATION اد‎ Re! wed LIKELY 
ocu ) AS PIPE COLOMN کی ںےم‎ LITTLE RoN NK 
مجع‎ ፀነ!” AT رہد‎ Batt روج نا‎ KC. AWD ELTE للدم‎ 
۷۵ ዕይ ع‎ EXPRESSIONS WOD CHAED, THe ۵ 
ےم‎ A ۵ Alona RR‘ SHoocb BE ۱۲۱۱۷ 62۸ 
THIS. CASE STATICALLY DE TELM ATE Í 


1-8 





AAN amar 


the ን‏ نش 


3 
i 
al 
H 





149 4ن دما‎ ۱. DE dec” 
ېټ ېه‎ DIL d= <<“ 


MOMENT RESISTANCE ' 


٣ MECHANISM:‏ وح 
Lowe DE: `‏ 
d A< [ñ we‏ 
pos ei a] oogt 455‏ 
ህይሩ ሬ' Ze .oetit 5.11‏ 
BAND C el 11 15.Lo‏ 


> Noe" DIE: 
1] o15 4.፤ 





NEG 35 || خا‎ , 20303 4.6፦ 
Lowect 


TAC كيج سن که‎ 06 ۴ VALUES Te )هه‎ 
a em EIR AT x= ٩ 
SECOND MECHANISM : 

45' 


بس سس مېا 





Thee SUCCESSIVE TRIACS or X To ۵چ1عت‎ Lower 
wu” As AT e ۹ EN i 

EP ። ¿337 
= sor kl H> 


THOS Desens, ہے‎ መእ عه ا‎ ፍርለዴ = An 





pm, = 3.51 عالط‎ 
$n. f 4.2 
du e 7.52 





USE EGUILIBLIOM METH? 


W 462 ገናኛ 
01 x ب‎ L. ጨ-ኗ 0 
4 
تا‎ 341 - 4.42 =o MD تا‎ )5-( -4£2-7.St=> 
< ጄ 
SOLVE /እቂ ٣۸۸۵۸ 2۵ ہے‎ TO ወ ۵ ሪ 6 gl 


w= ,572 ۴ 


TIS کا‎ 2۱۳/۰ ۵  FACTORED DESIG ها‎ ۵ OF 
128< ۲/۵۸ THE 2 عہ٤ وا‎ BECAUSE: 
Cay Act eri TS Oe > ده‎ 22/۲2 
(o) “. ni CONSIDER ALTERNATE ሂወለክሁር 
To MÁ va MU M AND Mr 
(c) REED A VALLES WERE - می حسم‎ OPufteb 
i ها‎ SELECTING ACTURL BARS È SPACINGS 


SID 





۱ 
| 
| 
| 
| 





14.10: “FIRST MECHANISM: - 
EXTERNAL WORE 


M, > 4 ) 22 “[[ “ቴነ፦ 

1 - 161,33 w- 
INTERNAC Work ( ۵ 
BANDED PEBAR PATTERN)" 

u' NES YLS w= 107.49 ۴ 

Pos "Us W¿> 6240 
+ To TAC ህን د‎ Ho 1 


٢‏ 170.28 = سن قد)عا THEN‏ ہہ سمل ما 
E u= pogs ۲۲‏ 





SECON MECHANISM : | 
ኣዚ > 242 ur 


Wix 53144 3414.7 ۴ 


ue = ፪5.14 2422 , 553 b/ft 





۱ ul | 1 آ‎ | 
THED MECHANISM : E 
10 = ar (m+m') 
m= 8.126 ۱۴/۱ Bor 
me 6 ToP 
P= oir (E126 419.696) = ۱۲۹۰۶ L. 
COoBRESPONDINB To: 


cars 1714 . ane ሄ/ቁሎ 
Z< x< 





So CALZE LoAR = 352 pst 
VERY CLOSE To DESIGN FACTORED LOAD= 346 pst ` 
SYM 





1 , 1 8 
[5.1 £ «4626 حم‎ fq 2۵۵۵90 psi 7 
24 14 , : 
Tey مېا‎ 24»4x 12 = 4(۸ 
(8o 
SAY h*&5n dy? 65-125" 5 ما2‎ 
= 65 : 
u, ہے۔‎ )۱50( > Biest 
(0, = ioo est 


Lët ou, = L2 (81) t (.C (100) = 2#+esÍ‏ = رنه 


TYPICAL MIDDLE Sg 
= kl wit 
Ryu 
x 52(ሬ(15) - 257 ።ሬ zq — 262 
2 M, Goo طالخ‎ 
Ra Me, = ۱6۰۵ (12) 
0٩ (i2) 5-55 * 
ص‎ + 4 TREBLE 4 


4, = 0084 (12) 5,25 20.53 (n "ፖፖ. 
use Te) Aj Tin. > 


= 468 


0,> ሃራሬ 
TYPICAL EDGE STRIP 
dh 114 مذ 22 23 > رق‎ 


2322 (12) _ =ዓፋ 
۱۶ (0-9) 5 


ሥ = ወ.ሪሪ/ሬ ' 


. ጨ GS , 
ሥሠጋ ” 0.0018 ሯ25 ° 0.0022 ntek 





As = 600 22 (12) 5.25 حم‎ OO, 14 ia V ph i 
Use No 4(/3) «f /7Tin < ዘ" 4<8* 5 ok. 
CHECK GOT OFF FOR d BARS M MIDDE STELP 


Ne. SCID ہم‎ tia. OLET ff 
/ሥ 70.004 Æ = 293 


243 
መ =o3(243)12 (625) zF = ډوم‎ nd سیر‎ PL 


2316 
2316 x- 2555" 7ے‎ 


X* 2.31 € n'r) 


15.1 (Cond? 7. ( 
f al + 5:25 7 
CAREY BARS | <75 | PAST, «ወ cor Z BAES لہ‎ PUDDLE 


Sre AT £86 - د5(‎ > ۰66۲ SAY ۳/۵۹ fam 
30۶۶" 7 ¢ 


TO MOT coc BARS لہ‎ EDGE Spe SINCE THEY ARE 
NEEDED FOE “ሠጋ 
CHECK SHEA, Ar له‎ rita"? óePPoer d 
- /ረ- 2:25 = <2 [| 
ہے یج > نا‎ 2572 | 2200 Íb 


$K > فو‎ 27 bd» 0.75(2)V too 12.25) = 5390152 Y, OE 






٩‏ ہم (وں 4 No‏ مس 
— 


| 


Wb 5 (106) AT Te‏ ا 
هت ይ S‏ بروج رز" / Cor ALT. BARS‏ 


/ 7 
/5. 2 X 74000psc ፖ * 66,000 کم‎ 
ay = Zopsf w= (00 psf | 24 







EDGE SEIP MPDLE 


TEIRE SCAB THICKWESS 


/ Gg Ay boo) 


32 4 2 A 
"m YN 276é 
2412 (3 + መ. 
As UL = ረ. de EDGE semp 
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PROBLEM 16.3 
f. :< 3000psi f,:= 600001 


y 
lbf 
Gal] := 3000psf ۷۷.۷: 150. — 


ዙ 


135-kip Py :- 125-kip ነ‏ دنهم 
bp := 0.65‏ 








ቁፈ፡= 0.75 $r:= 0.90 
column f „54000 psi 


1:= 0 


METHODOLOGY | 
0 
1. Check soil bearing capacity including adjustment for + سكم‎ 3 


footing weight. 
2. Check punching shear. This check often sets the — 
thickness of the footing. 7 1 
3. Check slab shear. 
4. Design flexural reinforcement. 
5. Check bond and development length. 
6. Check bearing stress under the column, especially if 
the column concrete strength is 
greater than the footing concrete strength. 
7. Check temperature and minimum steel requirements 
and sketch final design. 


Step 1 Check soil bearing 
P:= Pq + رط‎ = 260 kip 


P 
trial all biria] = 


: 9.3098 


This dimension does not account for the weight of the spread footing, therefore try 


b:= 10-ft ከ:= 27in Trial thickness for weight purposes 
In addition, the development length of a No. 9 (No. 29) bar in 
compression is 19 in. when confined in 300 psi concrete. This 
depth assures dowel development 


Estimate footing weight Note; this could have been done before checking the footing size. 
It is separated here to illustrate the use of the weight for the footing size and the non-use of the 
weight for strength design. 


W:= web h = 33.75kip 

P+ W ۳ q is equal to the 3000 psf allowable, therefore 
q = 2938 — proceed with the design using a 10 ft. square 
p? g footing. 





q:- 


(eS 
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Develop the factored loads for the footing design. 
یط‎ := 1.2 Pq + 1.6 PI = 362 kip 


Note, the weight of the footing is ignored because the concrete rests directly on the soil 
so there is not net shear or bending moment. 


ጋ 


y= — = 3.62 ksf 


oc 
ኩጋ 


Step 2 Check Punching (two-way) 7 
Try عط ديل‎ Ain d = 23 in 


4" difference between h and d reflects 3" cover and 
1 to center of bars in two layers. His less than the 36" 
originally used for weight so the bearing stress is OK. 


ከ..:= 4-(d + t) = 13618 ك۷‎ 4 f ¿psi = 219 psi 


Ay:= 5 d = 3128 in? t+d/2+d/2 





ቁሬ Vy A, = 514 kip‏ =: و۷ 


$V >V, = حرط‎ 362 kip, therefore the design is OK. 





Step 3 Check One-Way Shear along the face of the footing 


b t . t 
wis > 7=2625% — Vyi= qu wb = 95kip ti |< 
$V,:- 29; [e psi b-d = 227 kip 1 
Nominal shear capacity exceeds the ultimate load, IW qu 


therefore, one way shear is OK 
> | 0 
Step 4 Flexural Design Le ۷۷ 
While the shear may be computed at a location d from 
the face of the column, the 


flexural design must be computed at the face of the 
column. 





1 
M, := = 448 — in kip try 8:= 2: in 


M 2 
A لے‎ = 0377 Age := 0-44-in 
ft 
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۸ . 
_ 36 pn s = 14.0 [ከ 
8 


ER 
5 


Try #6 @ 14 in. A, provided = 0.33 in?/ft 


Check "a" 


. 2 
0.33- in dy 


—— -(.65in > a assumed, OK 

Sf 12in 
The estimate for "a" could be refined, but as will be seen later, the refinement is not necessary at 
this time. 


Step 5 Check Bond and Development 


The development length must be less than the portion of the slab extending beyond 
the face of the column. 


#6 bottom bar from table A.10, ህ/% = 38 dy t= 0.75: in c:= 3-in 


b t 
1:2 38 dg 11 = 28.5in < 2-2 77158 
Therefore the development length is OK 


Step 6 Check Column Bearing Stress on Footing 
Column and footing do not have the same strength, therefore an additional check is needed. 


The building code allows for the effective 
bearing area in the footing to be increased 
assuming a 2:1 spread in load, however, the 
maximum ratio of increase is limited to 2. 
ACI 2008 Section 10.14. Try basic column 
area first. 


Loaded area 


A»? is measured on 
this plane 
Slope 22:1 





Using the increased allowable area for bearing 
P 


u : 
: — = 1496 psi 


2 


d^ 


Bearing stresses are OK. 


Step 7 Check temperature and minimum reinforcement 


1.2 
Ast:= 0.0018. h Ag = 0.583 in 


Temperature reinforcement is less than provided, therefore OK 


Minimum reinforcement is greater than provided. Increase reinforcement to #6 @ 9 in. 
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12i 
18 _ 0 587in 





As 0.44in^- 


Final Detailing 
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KÉ , K 
SHEAR 1 ሟሬ" fe ia , 
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c T 
Moment — M, = 182'Kips 
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ot column 
Va = 2006“ 


Assome tral depth k= as" e eo", Á = Bo“ 


. ' 1 12000( 742 ۳ ر۸۷ 
PE መ Tet pum Zen‏ 


Ube o "0.0035 Mami መ= 261 ሪሯፊፊ A Sa.) 
‘ Mou. 7&2 (Eco) 


Ze 
d ## .1 (30) 201 
d= 41.5 4241542. cover ۸م‎ "+ Sshrap * Fin 
Check shear at face of fe 14179 
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Assume “ ویمرم ورک‎ 
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Snax * 


> 1729 in? 


24 وز‎ 
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sod,  መረያጋ 
Use #4 (3) at ¡Gin 
Flexural reih forcement 
As تر‎ bd = 0-0035(20)(41-S) * يه‎ 36 
Use 3 */ رے“‎ A 0 ሬያ/ፓ* (cont) 
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3 + f 
LHS” Assure Lu م 35.3 * )1.5( 2,45 = لے ےم ید‎ 

Space Astrehuted load al ^S cc جرد رھ يم‎ -/. 573.43) * 119K 
á Y 2 5 7 


5 = Shear from ጋ = 57 کے‎ 
1 
Nae purty at CET node /ሯ "ጋያ. X, "$4. 87% * .75(6)35(3)= ez 


Bottle shaped strot capacity 4% ن۔‎ 75 kes ም p 5 75(.75).85(5) * 143 bs; 


H=‏ < به Yor‏ و 

Srur ta 2 Yo جک"‎ Sm, حا‎ P, cose 
i مه‎ ua * "ې‎ 2.8 o E 

2 G3.0 ug“ 15ፋ* 2.1” GI 
3 4** 4 ٠ 4.0" pal E 
4 35.2 ۱1۵۵ 327 Te 214° 
5 15.7 Fle“ ሬ.(5" 1.4 E 
54 = 411۴ 


Check Compression strof wiwt ሠዛዛ ہم‎ = LO 
w: mH. ATE, ል2,፡ 
ቀዶ 35% b ,75(.85)(3 0) " 0 
رپ‎ - 8.2 . 8.2 _ 
h d = * 415 =: 37.4 > assumed ok 
Des Gu Tle 





> £d = 31! = io 47 me 
A, ۹ fa 6۰75 (G0) 


Use 3-0 (#36) bars As” ۴ 2770 (top bar) = e 
Gon + bars eoe development lenth past the end of the footing. 
Pon % bars full leng 1 fer moment fromcokimn at E, 
Hook bars at A38 eod. . 
Ron ገ 41| (ጫሬ) bars ወጣ bottom of footing fo pick or 


the on balanced ۰م قف‎ strut at €, 


Cueck STRESS ^T COLUMN A 
E. IL 20497 ይ lf, “ot 
A [£x 24 


١ ۱ (cont 
/ 6 - وم‎ ) z/s 


IG e (cox) T.) 
RESIGN MINIMUM SHEA (eG yFoCce MET 
/ 7 0.٥٥25 5 = .0025(30)(12) = ٥ n 
Ose *4[ዶ5)የ185 in As? e d'Ge dt 


Az 00015 bs = ۱5هه,‎ (30/12) z ۰ 5+ م1‎ /4 
Use +4 (43) © Bin en-Sace Aç= ۵ 


ፀ 


4*ዘርሄሬን r = 


“ዘዙ(% 3 ፍዳ 






# 4Q5" | ፋር e 


Compare جع ربص‎ TE VOLUMES 


STRAP FOOTINGS CombBinEr FIG 

ሬሄ///።/5 = ۹۹ 

لام 5۱7 د(23.25()3.42) کے Bl‏ * هدږ هوډ و 
3o04 >‏ 

45 (525) = ገገ 


23 2 اس 
144 





203 cu H 
STRAP RIOTING CONTAINS ZC =Ó Sq or 592 795 MUCH 


CONCRETE , 


/ሬ፦# 


#5 


TRIALS SELECT THE FOLLOWING‏ ۶م BASED OU ٤6٣٤٨4‏ ادا 
“DIMENSIONS ۱‏ 
| چم 24000 e‏ 


et fy 3 Go, eoo psi 
I و1‎ ° izo pef 
e 
$20.85 


. 5:٨4 
Ka? — VÚ د‎ 0,245 


Sind 
Ko * > Mta > 2,aq 
i- Du 
base 


y e" 17 
2 Se, so Ara 
| \ | | W د‎ DOT ۱5۵/۱۱3 + (۶ 
۱1 W = 18460 ib 


ALS 1. E ۲ 
DE Ma" [ኛመርሬን|ዩርን t Sef «is (4.33) + ወርህ 
= 123400 H Ee 





STABILITY 
P = راځ‎ ሠ ያረ. 292/27 1060 lb 
P š = ሃመሪ/ፊሩ7)* 41200 ft- I b 


My? F Eé 
/33 500 -4720 / / 
Q 5 sZ م۸‎ Resvftent from ځور‎ = — = 455 (oz ሥያ/ይሥረሬ 4) 


WM Mc. 13362 ے‎ aa es qos), | Te ځم‎ 
ይፓ# > AI 1 QUA مد2‎ 


Afin 


Queck SADING 


Kesis tance + WE = ۸۲6۵ 55) ۔‎ 10,428 


Se < , LOLE پ‎ 147 55 ወፈ no key መ<ጨመታ ۱ 
7 Togo FOSS ) عن‎ pressore «f rhe foe 
nof Ce کسیر مرن‎ Ui. te! passive 
ئی ککگعر‎ FS” - 7 


CHECK QVERTIRUING 





Mp 133500 
امج‎ Je = 2 ጨሬ Ok 
6د‎ X 47220 283 >i oci 


STEocTO€A« DESIGA - 9 5 د ہے‎ 2431" go" 
NEGLECT DPOWNWAED EFFECT ወድ ادد‎ 


ASSUME ALL (OAD To BE Live aan‏ = لے 
طاهه4 ٠6 )2617( 3.67 = IS‏ = رلا ۱ 


Cel] mno ۷ = 2.75 (574595 (iz) Zo = 22,800 ib 
_ ቀሂ>ሂ ok 
Zei (Gear? 


/ 7 -/ 


17.1 (con)! T.) 


ዴ " یزاوھا‎ = 11(2617) 3.614 = 23,100 ሩዜ 
f= Mo > 21 م2‎ ሀ < 2 ` 
¿° DS: መ= ሥ / m 
USE که 9۰0 + ریگرد تر‎ 
ማሜ CE (/«)«o = . 2717 
. ہ12 ق6‎ ۸٥.19 1/44 
| 45 Zea 8 Gage td. 47.4 
Ly = 474 (0) هد«‎ 


OSE 


Cxrexo *3(%) 4-0" BEYOND FACE OF WAL 
HEEL Design) ۱ 

My 7 ۰2 (15D te ie /መጋፆር፡3ም ام 700 5ے‎ 
V, 7 Z. 2/57 *^€(rzo)ig(c) = 2l, too ፈሪ 


Soil 
Ico (12)c 
d: o-75(e) የጭ (/2X2o) = 22, 8co 1b j 
٩۹۷ <۷ op 
- Ho 5 SB ہ700‎ (12) 
Ese መ - 12] 
ام‎ OF(12)(z0)* Ve 
(2 * 0.0053 Farin 3 zA 
0-0 
¿se Za n5) Ar ورو‎ cc. 


Aer DESIGA 
_12, 40 





Ar ease 
M, G رہ په‎ hos reet E (16) 





c My > 5%, oso kr 
Hu c 5 20213 با‎ Ib 
12 ፈሬ * [6,312 ib 
۱۰52 
۱ B z! dat base =16-2-0.852 (55/4 


dat top ° 8-2-0547 55m 


(con "፲) 
772- سے‎ 


IT. | (con't 
DESIGN BASE OF ARH 





a Mo 2 55950 (12) r لس ات سا‎ 
ፎ” 404 o4 (aus: 
مر‎ - 9 


4۵٥ 0059(012X13.5)* 0.96 in? 
Use “8 (47) @ Din As = 5 


Cot OFF ALT > 


As = 01593 ጣሃ 
2.52. = ረጋ 0053 2 = IDE 


Ar BASE ሥ رج ور‎ 


Hy = ehd? 0.9(192) ه/‎ (135) He = 31,500 ይ#- Ib 
Ar oP = 2፡55 5, DE 
/ ووو)م/"‎ ۵6 e 


٢/۰٠۹٢) usse = مہرور‎ b 


My EPM, 4.3' Rom BASE = THEORETICAL COTOFF 
ACTUAL CUTOFF 3ه‎ + led, لے‎ =, #434153 
CUT BASS AT 5°4." ACOVE BASE, 
SOT 6445 AT 5^4 geng BASE 


e SPLICE LEWGTH -/ 3 * SEL) ፕሉ ۷.6 b <5- 4 هه‎ 


CHECK SHEAR AT CUTOFF > 
Ma" deste) (1 95) ns = 4568 Ib 


dz 11.1 tn 
Ve? de bel + وده‎ ነገፋ ۱2۷۷۱۰۱۰ 1z 63027 ok 


CHECK MINIMOM የ2ኗገኢነዮ AT CUTOFF 
As. 2.65 . 0.00398 > ወሩ 


- m eee ኞች 
< —— = 


۸ ہر‎ ^n) 
TEMPERA TORE STEEL 2 Ze, 
لولم‎ ۷٤ بر‎ ۰ ۵۰۵0/2 (Z xz) T 0.17 VÀ بم ( یشم هه‎ 4 
FACING <18" عون‎ Ha ممع‎ #5ር#ወንቶ፣ 77 


۱1۵2۱ دهع‎ TAL 
A, "92፡5 (ع۱)‎ iz = لت‎ Safe مع “9 ګز‎ FACE 
BASE 0.0012 [12 (مدء‎ + oq (%3) AT tom 
(መሠ) 


/ገ“5 


D.I (cow'r) FIUAL DESIGN 










No Sie 25 


No. 3 (No 10) ATH 


ድ” hea (No. ۸ 
H | 


He, 2 (Mo. lo) 
AY isin بپ‎ 


| | 
| | 
| | 
| | 
| | | 
ځا‎ | 1 MEL COLE 


کم (Me zjAr9 No.4 (Ho. IS) T‏ .ولا 


Mert: Tae celclival BRE SELECTION USED No. ፎረ No 25) bie, Bor 


WAS REDUCER TO Me, 1ረኦ2. 2ሯጋ TO MEET Seit REGUIREHMENTI 
AND Averp HOOKS OO HEEL Avr Tog, THE Economias oF 


STRAIGHT BARS CUTWEGHS THE PLACEMENT COSTS OF 
FEWER صلم‎ . 5 (Alo, 25) HOOKED BAG, ۱١ EITHER CASE A 


Hook ورج ريك لم وز‎ Foe THE AEM /ሮዕወ وہ‎ Jo T 


/ 7 - ZZ 


STABILITY INVESTIGATION OF هتفه‎ ٢ هی‎ WALL IS THE 
SAME AS Foe THE CANTILEVER WALL EXCEPT عم‎ THE WEIGHTS, 
DESIGN OF VERTICAL WALL 
AND HEEL 15 BEST DONE WITH 
HiLERBORG STRIPMETHOD- 
ONE LAYOUT 15 SHOWN. , 

ዝር TOE (s DESIGNEDAS 


A SIMPLE CANTILEVEC Ae 
(A .8ص۴‎ tT, THe 


6۴ ۲۲۴ جج‎ Fee THE 
CoonTeRFORT CAGE 
PESIGNED As A 7ک‎ 
Ap ፐፎ Moca, 


Larue THE coouree FOE T DESIGN S TEIFS FOE HILLERBOEG 
ሀዳ. INCREASE THE Foray COSTE METHOD -WALL 
ADD Dëser ConcRETE™ AWD 5 

STEEL رحت‎ 75 SAVINGS OF IS "oZ | 
COMPARED መ THE CAUTICEVER, 








SIRIS RR HULERBOCG 
METHOD -Heet 


(aS 


02 





Acs Zog گا‎ I= 2eltziut (t= 69347 e= 1k 8 





_ 3+ ¿E Mar 168 ጨፌ 
(aj P$. $ = 392 (1 - 653 ) م٤‎ (5۰ W= 64 prt 
= = -2%71 psi 
We ie : eo / [431 =~ 524 pa 
EN e Lead Psi 5 


W, ES Hey - 534 = +۱۹4 ps‏ چم 
وم 2363 - 5342 + 2811 - Ge‏ 


(da نک‎ P +12 * 4ع‎ cic pst 
| دې‎ -187 «.የ4 = کات‎ ps; 
Mago 2120 iu- k 
Wito : +f, ፎ 231 20 eco / 4 57 < + 71 pal 
2 = + 2۱11 pe 


Kä ህሪ +W. g^ 35 = 461% -534 - 217) > - 2093 esi 
f, = -2455 res +2۱۱ د‎ 4772. pai 


COMPACE MOO Tt Aci ALLoy ۵65 ነ 


t< ef = c * beso - دبا‎ pat ?-25€5 ok 
Le 5 aN = ዳ4ጭ = +190 Poi #414 ات‎ 
fa ` e '[ችሂ < : مج‎ = +424 psi »,712 ok 

- „45 ۶ = Sv Seene -225e يهم‎ "Ze om 


Ié -| 








rr‏ کی Dye kee ፪= Ae ud‏ و 


R= ۰ fa = HES اعم‎ fe: - ۱80 ۰ ose 
1 1 ዘሩ + 360 psc 5 "c س‎ lgoo fs: 
us, = 125 p!t 00 E 5 
M,= 14562 ብ-ሄ d 
f, - f, < AZo po Pow ہیں‎ M, 
Foe INITIAL CONDITIONS : 
foe علا د اګ‎ l ۱ 
١ Ac عم‎ 5 = [ር SelNE SIM OLTAMEOUEG + 
TO OBTAIN.: 
f, E (u Su c. - 1822 ۱ 
i | | Y, = Y loo 15 
CHECK : 4 | e= 5411" 
P, = loo بم‎ ۱٥١53.1٦٦ 4 +84 بپ يي‎ 
A b `| dro ( == ۱ 584 ps! 
> ~ 181 : 
he- ادا‎ )۱+ CE وم عد‎ 
v. 


ተተ Ue. f, = +54 - 42 = ۵ p els ok 
fe = -rrq + 4zo = 119% ہوم‎ # fe ok 


^ 
THEN زک‎ JL: 594 بوم بعد "دو‎ 
Ef? 72219 4.85 — Die psi 
STCESS CANCE ۵۷۸۰۸۰۸). 
Tog. Mare ኒ ሓ = مضا‎ + 46 - ዳሂሬ = 1847 Pi 
= ۱1۲5 + 3%0 - 420= 1135 ہوم‎ 
i “ሐደ . 1135 Mag = 5 “teo S7800 ! lb 





Ex 51500 ٢ 
GI ez qo ጩት H: 


USE TEN DOM DEFLECTED Ar Lë Foe APPEcx. PAEA BOLA. 
/ ۹9-2 


SE رج ما‎ ን ይ ROSE ہک‎ A ene ርር ንን» 5» እኔ is s دی ی ی‎ RR mod. 


مه سب ساس መጭ‏ مس سوا بیس به پو اث ا اه هید ارات رل( ماع ویو نو وب 2111110 


GË) . A, BEAM WITH STRAIGHT STRANDS : 


ASSUME = Seo ወቶ Moe کور‎ H-k Ee, Se 
Ma 7 
Mo = 464 
f = لے‎ = 526 que (suet) * fa iz VE = $49 psv 


F - > (C. (ሬፋ psi (SPAN) f4 = Ae < ه225‎ i 
= E የ፡ = 8oo p?» f 
Mo +1۸ + M ی‎ ot Ma +M ۰ 

> نے کي‎ = . y Hot Ma * M2 . 

۷ RE, -f MSA iu ዒን 5 Ers ے2۶‎ f in? 

STATED PROEPORTIONS bs 5916“ SAY. Ge”‏ ح 

Ace Siz شي‎ Det fegsimóé $= 4643 قن‎ 

CHece uF, = S22 گام‎ % Soo olk 


feei ` ` M. BOE D= 736 Psi 


0. ` MIDSPAN TENSION ۰ | 
17 (1 - t) 1 Mo 21 (Am 3 : 3> _ 15 x12000 


* Sta TVE) 65 


=-I67 psi <-+Icá ps عت‎ 
wirt fa < ez #5: ) ٩۹ bs: سم‎ Contes 


X. 4 Lod k=; E ١ 
ለሁ" Re. (2. wu 14 awe "يل - ونه‎ 
Sa  GTPANDS 


D. BEAM WITH STRANDS HARPED AT = POINTS: 
. “عه جما جنک ي۸‎ GIVING Wot 481 pit Ge . 


| 

| 

Mes 185 H-k | 

: Maz 771 | 

Ma 44 . | | 

STRESS LIMITS SAME AS BE 2۰6 EXCEPTO | 
f, = Nfe = ፎ4ላ ም! ` CTA S | | 


۸/9 - 5 








h= 38" ۱ 

Áo 7.00 iu> 

14 GRADE zio -l^& 
STPANDS (AS 
BEFORE ( 

e= 15” 


: Cost T) RESULTS IN. 


19-4 





14.3 





19,4 


MATERIAL PROPERTIES SECTION ۳۵2۲۱ کج‎ 
Hl 566066. Ñ = 3500psÅ متك عط ۶36۱۴ بط‎ die 
fou * 270 bx Spy” 293 kot رط‎ ° ۱۵,5 in 
n8 6۵82 Aps* ۴ Ar isdn ی 4ه دد‎ 
Low RELAXATION S ۲۳۵ D تم ۱۹,۵ 5 > 8 > طلا‎ 
LOADS St? £31. Via? 
Un = 5%. وم و‎ ፎ*= =51”ጦ e 40 C2* 2.815 
Dä" £25 pst L 5 zobr. 
ردنا‎ > 53.5(3) = lea. Self 
٭ 25( 225 لا‎ els pit CLASS O BEAM 
PONES (227 ؟‎ "*!ኒ. mee 
My > DA = 1603(20) = rozs Erik | .. 
ጅ> £ Yee FOG f 7 2٤ہ عم‎ 
* ዴ = = . 
٥۸ص"‎ ک٦5‎ (goy = 55፲ፍ6 Aib f, s 1516 = S2e sc 
PRESTRESSIVG FORCES f ° 2.45 f *” 2250 )كم‎ 


AT TRANSFER, ራ 9:74 fa, 7 Zoo ks j 
P o.t fy * ۹ ksi ©ون ہے‎ 


R = 0,612 (199)* 122 kips 
ይ - 68 ».83z(I?2)? loo ደመ 
Ter 
UR: -RZ | 
4+ 








4۹ غه 
Qe ۱2۰227۷5‏ 
INITIAL STEES AT EMD *‏ 
Mo/s & 025: ኣነን‏ 
INITIAL STLESS AT MIO SPAN‏ 




















%/ል 100 [154 >ሬላዳ | -G44 

1 2/5 ۱ ۶ alo | -918 

FINAL STRESS A END 321 f- 19€] 
M/s > ۔ 5 25 ن.‎ 2 2, | 306 

LONG TELM STRESS AT MIDSPAN ےس‎ | -12el 


.155 | ۰۱۵۰۵ 912/5ارج2 ويلك 


MAY SERVE STRESS 






24 





-|362 


XA ASSOMES CONTANT ECCENTRIUTY STRAND. 
MEETS ALL CLASS Y REQUILEMENTS EXCEPT Fa : APD 
ZEINFORCEMENT TO TAKE TENSILE Force. 


(cen T) 


19-S7 


4 (cow) 


DESIGN TENSILE REINFORCEMENT, É 336 ksi 


3132 . 21 N , 
d r رج © 515495 1د‎ I ein 
N = fa bas: 2٩2 (34) ۱26/2 z 4664 lb 


ول 
t. Ta = deog 2 ۵2 6 ia^ Use z Ne. ፋሪዕ) bARS‏ 


K Sec (ın Peactice THESE BARS 
ርፎ 
جیب‎ FLEXURAL DTRLENGTH AGS Met USED) 


ete ا١‎ (32150) = 63630 ط۱-+۲‎ 
A = erof m መ 


0.80 (5) 
at "o 9.61€ (257-6) , ہو رپ چم‎ b=30 ok fr 
,85 ما‎ . 85 (5 6 ۱ ۱ 7 


MT Aps fos (d - %) * oz )257.6() 1- 1.03) == + ይኗ 194 Fr-lb 


Y= Yr, 65/25 . een ann ` ۵ 
t d4 7 


cb ونا‎ + lge, Soch: Ta Too >My of 


/9 - 6 


٩.5 FR 3122 ر دمنءع‎ fp 52۱۹۹  ر هعم‎ 


ELASTIC SHORTENING 
A 5 =A ጌዜ 
1 12٥٣ _ 122000 (2-89) , 2072S y 12 x 2.89 


|^. _fe:€ M, e. 
L ጭ C = + E 154 ۱2225 1224.9 
= -١ 55 )عدص‎ 
يكم‎ 8 ር(54፲)* 11.2 ኤር 
loco 


Jacking STRESS TO COMPENSATE 


.۹4 fx, " 228 ksi 
f: + ۹۹4 ۱۱22 2 < Pr 
J 7 “O ksi 180 fpu 216 عو‎ 


> ۰4۲ = 2۱666۱2 * 124 kips 


Creer | 
A fs creep 7 Gn ተሩ Cc 72/1 "aeu <| 
Ak = (1.2) * 30.2 ksi 
=ዘፎዘዚጺነፎልሩፏፎ 
> * O GOO ے‎ 
Ak, = "غه‎ 0.0006 (21,500) = 16,5 ksi 
RELAXATION Lit 
f- | - tqt (See -6,55) 
et IO "feq 
SC 


ASSUME Ze = 0 (وو‎ * /7ኖ ksi 
Z 5 جم مه و‎ = 43,500 hours 


loo 43, (13 —g, = 1791. a 
d = Kalb (s 0.55) | (913) lG كت‎ 
AS, = 11 -1ሬሜ.5 ኀ5ዴ ksi 


2 = 199- 20.2. -16.5 “155 _ 60 . 8 
ER 


ፎ< Rassemep * 2ن‎ 4 ASSUMES ELASTIC SHORTE NING 
IS COMPENSATED DORING JACKIE, 


19-7 


(1.6 ما‎ Bin Le 64 d > م240‎ 
T. = هته‎ 2 Pps . 7 2 60,000 ese 
No.4 (13) sueeos Ay = ہز هداج‎ 


Vo > 35,55 k 
Ma? 414 H-k 





V. (o. ]& + 10¥ ነ bud 


d _ k‏ 2 < 35,55 سستټ 
17.69 7 24× که 2 414 6۵ + (o.c Seco‏ = 


CHECKS 
Wud , 33.55124 | S (S< LD bk 


Ho ۸ 
af bude ۵۹۱۴ > V. < 5) ۶ ኢዛ» 42.42 Ok 


_ ۸۵۴ yd ©.15 (.40) ہہ‎ (24) 


Vo Me 7 25,55- 015(1.) 


صة أ 33 Ose‏ 





CHECK 
Sl 24۹7 که‎ 
چم‎ Zh = 22 5 م‎ Ok 


<< )په‎ q =ጫ( (0000) ما6‎ OK 
50 bu 50 (>) 


19 - 9 





+ (ê | 
“፦፡.ቭ.ህሃሃ፦ ኒጄር” 


ተ ١1.45 “2.5 ግ4ዳሬዬ 





_ PL? 24365 x همه‎ - ከ 
4e El 46 < *$5ooooo ¥ ےہ246‎ = 67 
À, = sa, لل‎ < ። ٩ + ረክ . t 22” 
2۶41 294 x ) < 25 ٥٥٥ x ه246‎ G ‘ 


An: 


(a) 


` 


Apa 


+ 4.5 > EI 6.52 — Sei UPWARD 
ፊነ) ۸۴۳۲22 1 eher: © 


Ape = de + É == 64" 


y ለ pg” ۱ 2 هه چ‎ £ Ato ፎ ተ ህ 
ዴይ. doti ج44‎ ۶15562۵۵ z م246‎ 8 
pete 5 


Ce” re C= 1134 
(Age +A ۱ ۱ 
À: ~ يم أ‎ L ai + koe) + À. )۱+١ر(‎ 4 Ao 
Cet + 34) 4 
- Té 


= Leh ተ ይረጋ 434) + 9 


= "24.ه-‎ UPWwARD 





———Á——— بد‎ 


A 
lme همح‎ 


ط وھ ft‏ 


Mne = 01103 x او 2 عر له‎ x CEE 





= /ሯሪን "CAS 


coc; ff» = 6.766‏ شه ها 


Mare = پر 64 ایت‎ e Ze? = causes 
O.G? 
eme F € 
“Lay wow SA zc, CAL = K “Z 


T0548 VARASE /Z ሪራ‏ رت et‏ دس( اسر 
ro ፦ሥፖሬቴርህሠህጨሬጩሪሬ ADJACENT TE‏ 


_ 7 تم ول 
REP Ye C ‹‹ዴፋሬድ.‏ ہم نر 
X1 2-2 € = 22.7 7 13“)‏ 13( = دیو م > 


= Z5“ 


MAY SP کرو نہ ےچ‎ 
€ Loss DES መሠሪ” 

Kg ريني‎ NES TWO 

eo 55 MES BACH 
شی > ے 2 ,دا‎ 





zo VP. 
MA > ما مر ر2‎ OF TAr ERSE 
Lol Cr ሙ 


(dg ېه‎ Se) 


መጋ dÉ 


S = ر2 = $ )دهم‎ 
Sx= Y+ <“ 2953 #ፍ- ET ہپ وب‎ 
vsg ses" 
Fort o. { RAAS, Ac z 2Z- 2 كاله كا«‎ 
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